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Internal Evaluation Report for Article No. 84417-IJPS-ANSI 1 
2 
The above mentioned manuscript has been evaluated by the Internal Academic 3 
Editor of Science Alert. On the basis of internal evaluation it is intimated that 4 
your manuscript falls within the scope of the journal and can be published in 5 
International Journal of Poultry Science. Although the Internal Academic Editor 6 
found considerable merits in your article, they also identified some serious 7 
concerns. These concerns should be addressed in the revision of the article. 8 
Therefore, you are invited to respond to these concerns which are given below 9 
and in the main body of the text as side notes and submit your revised article on 10 
urgent basis. 11 
12 
Comment 1 13 
14 
The Internal Academic Editor has pointed out a large number of grammatical 15 
and sentence construction errors in the article. Most of the sentences are 16 
haphazard. You please negotiate with American Journal Experts, or Bioscience 17 
Editing Solutions to provide you language editing services at competitive rates. 18 
19 
Non English authors may contact with American Journal Experts or Bioscience 20 
Editing Solutions to correct spelling, grammar, punctuation and word usage 21 
errors before submission or after acceptance of their manuscripts to eliminate 22 
(minimize) the chances of rejection due to poor English. Please re-submit your 23 
article after editing its language with editorial certificate for further processing.  24 
25 
Comment 2 26 
27 
Abstract is not prepared according to the journal format and it does not provide 28 
basic content of the paper. Please note that the journal requires the Abstract to 29 
be divided into the following sections: Background/Objective, materials and 30 
methods, results and Conclusion. 31 
32 
Background/Objective: In this section, a brief description of the context and 33 
purpose of the study is presented. 34 
35 
Materials and Methods: In this section author briefly describe how the study 36 
was performed and which statistical tests were being used. 37 
38 
Results: Author presents the summary of main findings of the study. 39 
40 
Conclusion: In this section author states the conclusions of the study clearly 41 
and concisely. 42 
43 
44 
2 
The following example will serve to illustrate the structure of an Abstract. 1 
2 
Abstract  3 
Background: The cecum of the chicken gut may be susceptible to pathogens because it is readily 4 
colonized by microbes. The lower segment of the gut is also the primary tissue that permits the 5 
invasion of microorganisms from the external environment and the cloaca. Mucins, which are 6 
composed of glycoproteins, play significant roles in forming the barrier against infection on the 7 
mucosal surface. Objective: The aim of this study was to determine the differences in the mucosal 8 
barrier of the lower segment of the gut between Indonesian naked neck chickens and normal 9 
feathered chickens. Methodology: The lower segments of the gut (rectum, colon and cecal tonsil) of 10 
Indonesian indigenous naked neck chickens and normal chickens were collected. The expression of 11 
the mucin 2 gene in the gut mucosa was analyzed by reverse-transcription-polymerase chain reaction 12 
(RT-PCR). The localization and molecular sizes of the mucosal glycoproteins were analyzed by 13 
Western blot. Wheat Germ Agglutinin (WGA) and jacalin lectins were used for Western blot analysis. 14 
Results: The mucin 2 gene was expressed in the mucosal gut of the rectum, colon and cecal tonsil in 15 
both naked neck chickens and normal chickens. Western blot analysis showed a single band for both 16 
WGA and jacalin from the mucosal gut of the rectum, colon and cecal tonsil in both naked neck 17 
chickens and normal chickens. Conclusion: These results suggest that the mucin 2 gene and 18 
glycoproteins containing WGA and jacalin positive sugars cover the surface of mucosal gut in both 19 
naked neck chickens and normal chickens, most likely to form a mucosa barrier.  20 
21 
Comment 322 
23 
Significance Statement (120 words maximum) (Compulsory) 24 
25 
A statement about the significance of this research work should be included in 26 
the manuscript. The significance statement should provide the novelty aspect 27 
and significance of this research work with respect to the existing literature and 28 
more generally to the society. It should be a short summary which describe 29 
what this paper adds to and what was already known.  30 
31 
Start this statement with the following words: 32 
33 
This study discover the ---------------- that can be beneficial for …………… 34 
35 
And the last sentence of this statement could be such as: 36 
37 
This study will help the researcher to uncover the critical areas of ------------- that 38 
many researchers were not able to explore. Thus a new theory on ------------ 39 
may be arrived at. 40 
A Model Significance Statement: 41 
42 
This study discovers the possible synergistic effect of vitamin E, calcium, and vitamin 43 
D combination that can be beneficial for osteoporosis-induced ovariectomized rats. This 44 
study will help the researcher to uncover the critical area of postmenopausal bone loss 45 
3 
that many researchers were not able to explore. Thus, a new theory on these 1 
micronutrients combination, and possibly other combinations, may be arrived at. 2 
3 
Comment 4 4 
5 
Statement on Conflicts of Interest 6 
7 
A statement on conflicts of interest should be included in the manuscript. Either 8 
mention: ‘none declared’, or specify the authors’ financial or other interests 9 
which should be known to the readers. 10 
Necessary changes should be made at first and author should send the 11 
final draft of this manuscript to American Journal Experts for editing.  12 
13 
You are requested that please modify your article according to the above 14 
instructions and according to the side notes given below in the text and 15 
re-submit it as early as possible for further processing. 16 
17 
4 
Phylogenetic Analysis  of Local Duck Species from Tegal Indonesia 1 
using Mitochondrial COI Gene and 18S ribosomal RNA 2 
Hermin Pancasakti Kusumaningrum1,*, Wahyu Dewi Utari Haryanti1, Annisa Rizki 3 
Rahayu1 4 
1 Department of Biology, Faculty of Sciences and Mathematic, Diponegoro University, 5 
Jl. Prof Sudharto SH. Tembalang Semarang 50275, Indonesia 6 
Email : herminpk@undip.ac.id ; wahyudewi87@gmail.com; 7 
annisarr.semangat@gmail.com 8 
*Correspondence: herminpk@undip.ac.id9 
10 
Abstract: Tegal Duck is a local waterfowl species that is known as a big producer of an 11 
egg which traditionally using for making famous salt egg by local people.   This 12 
research describes the molecular determination of Tegal Duck carried out by analyzing 13 
of the gene encodes for 18S rRNA and mitochondrial Cytochrome Oxydase I. These 14 
data were used to determine similarity  between Tegal Duck and other Anas species 15 
retrieved from the GenBank also comparison between both genes. Sequences were 16 
aligned using ClustalX and phylogenetic relationship inferred using a Neighbor Joining 17 
tree-building algorithm on MEGA version 5. The size of PCR product of partial 18S 18 
rRNA was about 485 bp while partial mitochondrial DNA (mtDNA) COI (Cytochrome 19 
Oxidase I) gene sequences obtained 751 bp. The 18S rRNA data showed that Tegal 20 
Duck was closely related to Anas platyrhyncos (84.4% similarity). The COI gene data 21 
of Tegal duck  confirmed this relationship, with 99% homologies with Anas 22 
platyrhynchos voucher NHMO-BC399. Nevertheless, the COI gene fragment of Tegal 23 
Duck also showed 99% homologies with A. poecilorhyncha. We thus conclude that 24 
5 
Tegal duck have close phylogenetic relationship with not only A. plathyrhyncos but also1 
A. poecilorhyncha. 2 
Key words: Tegal duck, Cytochrome oxidase I, ribosomal 3 
 4 
1. Introduction 5 
Duck is a dominant livestock with economic importance on Tegal Central Java 6 
Indonesia which has a very high population after Brebes and Klaten Regency. This 7 
region is famously known as one of the center of the best quality of a salted eggs duck 8 
at Indonesia as traditional food. Unfortunely, their egg production tends to decrease 10-9 
41% for each year. Morphological and physiological characterization usually was used 10 
for duck breeding program which resulted in  progeny and product instability1,2. 11 
Characteristics of Tegal ducks were prompted are typologically similar as Mallard 12 
(Anas platyrhynchos) and Spot-billed ducks (A. poecilorhyncha) in various phenotypes 13 
such as tail, head color, beak color, etc. which make confuse decision in animal 14 
breeding3,4. It is important to perform molecular characterization in this local duck to 15 
improve egg production in Tegal area. Genetic variation was responsible for phenotypic 16 
traits. Therefore, it is very important to analyse phylogenetic position based on  genetic 17 
characteristics of Tegal duck as domestic ducks in Indonesia. Along with conservation 18 
perspectives with possibilities to use of their local advantages for breeds in the future. 19 
Even more, the origin and evolution of local duck in Asia especially their progeny from 20 
breeding program from Anas plathyrhynchos was still in debates5,6,7.  21 
Genetic characterization of Tegal duck was needed to ensure their phylogenetic position 22 
using two DNA barcoding between nuclear and mitochondrial. Both nuclear and 23 
mitochondrial genes have been broadly used for the identification of domestic species8. 24 
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6 
A combination of mitochondrial and nucleic genes would produce more credible species 1 
delineations than those based on a single gene. Detection of nuclear DNA might be 2 
limited as a result of the generally low copy number of sequences which contrast with 3 
the COI (Cytochrome C Oxidase I) gene from mitochondrial DNA (mtDNA) in having 4 
several copies of mtDNA per cell. Phylogenetic studies showed that the COI gene is 5 
specifically suitable for interspecific population studies. Mutation and recombination in 6 
nucleus serve to generate diversity in nuclear genes, while mutation in animal 7 
mitochondria appears to be the primary source of sequence variation. All of them are 8 
facilitating the identification of phylogenetically related species8,9. 9 
The COI gene is effectively used for  species identification of avian species  because of 10 
their high mutation rate that was enough to discriminate species10,11,12. The mtDNA was 11 
believed in having advantages because of their faster nucleotide substitutions and does 12 
not allow recombination10,13,14. The mitochondrial genome is maternally inherited and 13 
the sequences of mtDNA have been extensively used in biodiversity studies of Aves 14 
7,15,16. 15 
Copepoda  evolution progresses much more slowly in the 18S rRNA gene, compared to 16 
COI. Thus,  this region was potentially making it a more valuable markers for 17 
distinguishing the wider  range of  taxonomic level from intraspecies until the family 18 
and order levels. The 18S rRNA  was a large sub unit of eukaryotes ribosomal RNA and 19 
serve as the ribosome central component. This region was one of the most conserved 20 
genes in all cells and their expression was proven in minor infection of influenza A 21 
virus subtypes17. 22 
Research about the phylogenetic analysis based on molecular characterization of Tegal 23 
duck species, instead of searching the stability product for  designing breeding and 24 
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7 
conservation strategies for the Indonesia domestic ducks, also will be of consideration 1 
in anticipating outbreaks and dispersion of avian influenza. Usually molecular 2 
identification most member of genus Anas were performed using COI mitochondrial 3 
gene but since 18S rRNA is as reliable normalization gene on detection of influenza 4 
virus thus characterization need to be performed with both genetic marker. In 5 
determination of phylogenetic relationships of Tegal Duck species at the molecular 6 
level, the variation in mtDNA and ribosomal DNA will be investigated.  7 
8 
2. Materials and Methods 9 
2.1. Specimen Collection and DNA Extraction 10 
Tegal ducks were obtained from the Center of Breeding Poultry on Banyubiru 11 
Semarang, Department of Animal Husbandry and Animal Health on Central Java 12 
Province, Indonesia. Tegal ducks was 3-month-old. DNA from Tegal wild ducks were 13 
extracted from tissue samples18.  14 
2.2. PCR Amplification and DNA Sequencing 15 
Extracted genomic DNA was used for the amplification of the COI gene in mtDNA and 16 
18S rRNA gene. The COI forward primer was : 5′-TTCTCCAACCACAAAGACAT 17 
TGGCAC-3′ and the reverse primer was : 5′-ACGTGGGAGA 18 
TAATTCCAAATCCTG-3′. Their product sizes will be about 746 bp, respectively19. 19 
The 18S rRNA gene will use a universal primer  with forward primer 5’-20 
GTAGTCATATGCTTGTCT- 3’ and reverse primer 5’-GCTGGC 21 
ACCACACTTGCCCT- 3’. The PCR reaction for COI gene was performed in a Mini 22 
Thermal Cycler (Eppendorf, Germany) with an initial denaturation step at 95°C for 5 23 
min followed by 35 cycles of 30 sec at 95°C, 30 sec at 54°C, 30 sec at 72°C and a final 24 
Commented [N5]: In the present study, variation in 
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8 
extension step at 72°C for 7 min. The reaction of PCR for 18S rRNA gene was 1 
conducted with an initial denaturation step at 94°C for 2 min followed by 30 cycles of 1 2 
min at 94°C, 1 min at 55°C, 1 min at 72°C and a final extension step at 72°C for 2 min. 3 
Purification and sequencing of PCR products were performed on 1st Base Singapore 4 
using the Big Dye Terminator Cycle Sequencing Ready Reaction kit (v3.0, Applied 5 
Biosystems, CA, USA). 6 
2.3. Data Analysis 7 
For the analysis, published sequences of some member of Anas  were downloaded from 8 
the GenBank. Duck COI gene and 18S rRNA sequence data as listed on Table 1. were 9 
aligned using the ClustalX program20. To identify specific nucleotide variations of duck 10 
species and construct Neighbor-Joining (NJ) phylogenetic tree was conducted by using 11 
MEGA software version 521. Also, nucleotide divergence, pair-wise distance using 12 
Kimura 2 parameter (K2P) model was calculated22.  13 
Table 1. The 18S rRNA and Mitochondrial COI gene of Anas species from GenBank 14 
used in this study 15 
Species Accesion number 
A. platyrhynchos voucher NHMO-BC399 GU571240 
A. platyrhynchos EU123318 
A. platyrhynchos isolate Moulard AF23 FJ416869 
A. platyrhynchos AF173614 
A. platyrhynchos D38362.1 
A. platyrhynchos EU009397 
A. platyrhynchos breed Beijing EU755252 
A. platyrhynchos breed Sichuan KX592536 
A. platyrhynchos breed Longsheng KJ739616 
A. platyrhynchos KJ778676 
A. platyrhynchos breed mallard EU755253 
A. platyrhynchos breed Xilin KJ833586 
A. platyrhynchos voucher DCB-WD1 KF992022 
A. platyrhynchos KJ883269 
A. platyrhynchos breed Rongshui KJ833587 
A. platyrhynchos KJ637997 
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9 
A. platyrhynchos KJ689447 
A. platyrhynchos breed Shaoxing HM010684 
A. platyrhynchos breed Jianchang FJ167857 
A.bahamensis FJ027081 
A.rubripes AY666221 
A.laysanensis JF498830 
A.superciliosa JN801396 
A.flavirostris N01487 
A.crecca GU571238 
Anas laysanensis JF498830 
A.poecilorhyncha JN703235 
A.poecilorhyncha AY164517 
A.poecilorhyncha KC466567 
A.poecilorhyncha EU009397 
A.poecilorhyncha KF156760 
A.poecilorhyncha KF751616 
A A.poecilorhyncha JN793235 
A.fulvigula DQ432723 
A.georgica FJ027095 
A.acuta GU571235 
A.carolinensis DQ434280 
A.rubripes AY666221 
A.laysanensis JF498830 
A.superciliosa JN801396 
A.flavirostris N01487 
A.crecca GU571238 
A.laysanensis JF498830 
1 
3. Results 2 
3.1 Amplification of 18S rRNA gene by Universal Primer 3 
 Figure 1 shows the products of the Tegal Duck 18S rRNA amplification. The 4 
temperature annealing which showed positive bands on 55°C exhibited the best result of 5 
sequence. Those data confirmed that  primer we choose in this research was suitable to 6 
amplify conserved region of Tegal duck. The size of PCR product of 18S rRNA 7 
fragment was about 485 bp. This sequences showed high homologies with  18S rRNA 8 
partial sequences of A. platyrhynchos (accesion number EU123318.1) and A. 9 
platyrhynchos (accesion number AF173614.1).  10 
11 
10 
1 
2 
3 
4 
Figure 1. The18S rRNA of Tegal Duck fragment (lane 1=18S rRNA  fragment, 2=1 kb 5 
   DNA Ladder, 3=100 bp DNA Ladder) 6 
7 
Sequencing result of PCR product of the Tegal Duck achieving partial fragment of 18S 8 
rRNA gene and showing close homologies with A. platyrhynchos. Similarity analysis of 9 
the sequences was shown in Figure 2. Sequencing result of PCR product of the Tegal 10 
Duck achieving partial fragment of 18S rRNA gene and showing close homologies with 11 
A. platyrhynchos. Sequence analysis of 18S rRNA fragment with gene resource from12 
GenBank shows close relationship about 99% identity between Tegal Duck and A. 13 
platyrhynchos (accs. EU123318.1) from Saudi Arabia, A. platyrhynchos (accs. 14 
AF173614.1) from the USA, A. platyrhynchos (accs D38362.1) from Ibaraki Japan. 15 
Identity about 98% also exhibited between Tegal Duck with A. platyrhynchos isolate 16 
Moulard AF23 (accs FJ416869.1) but only in short region (data not shown). Homology 17 
analysis of the 18S rRNA sequences of Tegal Duck and A. platyrhynchos identified 18 
1000 pb 
500 pb 
1500 pb 
 1      2    3 
11 
 
98% ˗ 99% similarity in the region. Analysis and comparison of sequences on Tegal 1 
Duck and both A. platyrhynchos detected 6 SNPs (Single nucleotide polymorphisms) 2 
and one deletion in the conserved 18S rRNA region. The transition and transversion 3 
mutation can be seen in Figure 2 accomplished with deletion in position 403 bp. 4 
* 20 * 405 
A.plathyEU123318: CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 406 
A.plathyAF173614: CCATGCATGTGTAAGTACACACGGGCGGTACAGTGAAACT : 457 
Tegal Duck : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 8 
9 
* 60 * 8010 
A.plathyEU123318: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 8011 
A.plathyAF173614: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 8512 
Tegal Duck : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 13 
14 
* 100 * 12015 
A.plathyEU123318: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 12016 
A.plathyAF173614: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 12517 
Tegal Duck : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 18 
19 
* 140 * 16020 
A.plathyEU123318: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 16021 
A.plathyAF173614: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 16522 
Tegal Duck : TAATACATGCTGACGAGCGCCGACCTCCGGGGACGCGTGC : 160 23 
24 
* 180 * 20025 
A.plathyEU123318: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 18326 
A.plathyAF173614: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 18727 
Tegal Duck : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 183 28 
29 
* 220 * 24030 
A.plathyEU123318: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 24131 
A.plathyAF173614: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 24532 
Tegal Duck : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 241 33 
34 
* 260 * 28035 
A.plathyEU123318: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 28136 
A.plathyAF173614: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 28537 
Tegal Duck : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 281 38 
39 
* 300 * 32040 
A.plathyEU123318: TTCGATGGTAGTGTCTGTGCCTACCATGGTGACCACGGGTA: 32241 
A.plathyAF173614: TTCGATGGTACTGTCTGTGCCTACCATGGTGACCACGGGTA: 32642 
Tegal Duck : TTTGATGGTAGTGTCTGTGCCTCCCATGGTGACCACGGGTA: 322 43 
44 
* 340 * 36045 
A.plathyEU123318: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 36346 
A.plathyAF173614: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 36747 
12 
Tegal Duck : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 363 1 
2 
* 380 * 4003 
A.plathyEU123318: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 4044 
A.plathyAF173614: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 4085 
Tegal Duck : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 404 6 
7 
* 420 * 4408 
A.plathyEU123318: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 4459 
A.plathyAF173614: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 44910 
Tegal Duck : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 445 11 
12 
* 460 * 48013 
A.plathyEU123318: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:48514 
A.plathyAF173614: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:48915 
Tegal Duck : ACAGGACTCTTTCGAGGCCCAGTAATTG-AATGAGTCCACT:484 16 
17 
Figure 2. Comparison of 18S rRNA sequences of of  Tegal duck and interspecies A. 18 
plathyrynchos, orange box indicates their transition mutation and blue box for 19 
transversion 20 
3.2 Amplification of Tegal Duck COI gene 21 
The amplification products of the Tegal Duck COI partial fragment are shown in Figure 22 
3. The best temperature annealing achieved positive bands was showed at 55°C. The23 
sequences analysis of PCR product resulted partially of mitochondrial COI gene of 24 
Anas around 751 bp. 25 
26 
27 
 28 
 29 
30 
31 
32 
Figure. 3. The COI gene of Tegal Duck fragment (lane 1=100 bp DNA Ladder, 2=   33 
500 b p  
 10 00 bp 
1500 b p  
  1  2 
13 
   COI gene fragment 1 
The COI gene fragment as barcode sequence from Tegal duck is then compared 2 
with a library of reference barcode sequences  collected on Genbank which was 3 
derived from individuals of known identity. This COI gene fragment was showed 4 
99% similarities in their sequences with A. poecilorhyncha and A. plathyrhyncos. 5 
Homology analysis revealed that Tegal Duck share common ancestor with  A. 6 
poecilorhyncha and A. plathyrhyncos as illustrated on its cladogram (Figure 4).   7 
8 
Figure 4. Cladogram of COI fragment displaying the evolutionary relationship of  Tegal  9 
Duck with A. plathyrhynchos and A. poecilorhyncha  10 
11 
Similarity analysis of  COI fragment with length 751 base pair revealed that Tegal Duck 12 
with  some A. plathyrhynchos had several base subtitution as detailed by Table 2. The 13 
difference of A. plathyrhynchos with A. poecilorhyncha were the position of COI gene 14 
 A.poecilorynchaKC466567
 A.plathyrhynchosEU009397
 A.plathyrhynchosBeijingEU755252
 A.plathyrhynchosSichuanKX592536
 A.plathyrhynchosLongshengKJ739616
 A.plathyrhynchosKJ778676
 A.plathyrhynchosmallardEU755253
 A.plathyrhynchosXilinKJ833586
 A.plathyrhynchosDCBWD1KF992022
 A.plathyrhynchosKJ883269
 A.plathyrhynchosRongshuiKJ833587
 A.plathyrhynchosKJ637997
 A.plathyrhynchosKJ689447
 A.plathyrhynchosShaoxingHM010684
 A.plathyrhynchosJianchangFJ167857
 A.poecilorynchaKF751616
 A.poecilorynchaKF156760
 Tegal Duck
 A.superciliosaJN801396
64
61
82
14 
in complete genome mitochondria. The A. plathyrhynchos consistenly stay in position 1 
6476-7225. Meanwhile, A. poecilorhyncha exhibited several position like in 5426 – 2 
6175 for A. poecilorhyncha accs. number KF156760.1 and A. poecilorhyncha accs. 3 
number KC466567.1, while other in position 6476-7225 for A. poecilorhyncha accs. 4 
number KF751616.1. 5 
Table 2. Base subtitution in Tegal Duck COI fragment comparing with several A. 6 
plathyrhynchos and A. poecilorhyncha  7 
8 
Table 2. Base subtitution in Tegal Duck COI fragment comparing with several A. 9 
plathyrhynchos and A. poecilorhyncha 10 
Tegal Duck and A. 
plathyrhynchos 
Tegal Duck and A 
poecilorhyncha 
Position of base 
subtitution 
7 (T→A),12(C→T),24 
(T→C),27(C→T), 732(T→C), 
739(T→A), 740(T→C, 744 
(C→A) 
7 (T→A),12(C→T),24 (T→C), 
732(T→C), 739(T→A), 
740(T→C), 744(C→A) 
KF156760, KF751616, 27(C→T) 
KC466567,  
Position of base 
subtitution 
7(transversion),12(transition), 
24 (transition),27(transition), 
732(transition), 
739(transversion), 
740(transition,744(transversion) 
7(transversion),12(transition), 
24 (transition), 
27(transition)732(transition), 
739(transversion), 
740(transition,744(transversion) 
Position of base 
insertion 
746 (C→−) 746(C→−) 
11 
Further analysis also revealed 99% ˗ 100 % similarity in the COI region of Tegal Duck 12 
with COI gene with the mitochondrial gene of other member of Anas genus. Analysis 13 
and comparison of 751 sequences length of  Tegal Duck mitochondrial COI with some 14 
A. platyrhynchos and Tegal Duck on Figure 5. showed that there was one base15 
subtitution as transtition mutation. A. poecilorhyncha also exhibited the same number. 16 
The transition mutation can be seen in base position 1 and 624 and transversion 17 
mutation was exhibited in base position  147 and 648. In contrast, we do not find any 18 
15 
differences between sequences from Tegal Duck with A. poecilorhyncha. An extensive 1 
analysis based on mtDNA sequence revealed varietis within and among this described 2 
species. As previously showed in Figure 4, Tegal Duck sequences were similar with A.  3 
plathyrhyncos and A.  poecilorhynca. It means that it was genetically close to two duck 4 
breeds, Mallard and Spot-billed. We also found similarities with some close relationship 5 
domestic ducks in the nucleotide of the COI gene. They exhibited variation in this 6 
region, all with respect to interspecies in genus Anas. In all COI gene fragment, the rate 7 
of transition is higher than the rate of transversion. Following the above result, analysis 8 
and comparison of 751 sequences length of  Tegal Duck mitochondrial COI with 9 
selected A. platyrhynchos and A. poecilorhyncha on Figure 4. showed that there was 10 
one base subtitution as transtition mutation. 11 
Similarity analysis of COI fragment with other COI gene in Figure 5. showed that there 12 
was one base subtitution in position 217 between COI and make one transition of amino 13 
acid. Interestingly,  A. poechylorhyncha showed two  base subtition in position 246 and 14 
698. Both of them resulted from synonimous codon. This result research made the ratio15 
of the number of transitions to the number of transversions substitution becomes bias. 16 
The amino acid translation of COI bases also showed the characteristic of mitochondrial  17 
genetic code, which codon AUA is used for encoding methionine. An extensive analysis 18 
of levels of mtDNA sequence divergence was performed within and among this 19 
described species. This changes showed the characteristic of mitochondrial  genetic 20 
code, which codon AUA is used for encoding methionine. Furthermore, it is also 21 
showed that codon UGA codes for a tryptophan,  which is usually termination codon. 22 
The nucleotide frequencies are A = 24.06%, T/U =  22.38%, C =  36.39%, and G =  23 
17.17%. 24 
16 
1 
* 20 * 40 * 602 
A.plaGU571240:--..........................................................: 583 
Tegal Duck   :cacaaagacattggcactctatac....................................: 60 4 
A.poeKF751616:...........C................................................: 43 5 
A.laysanensis:-----------------...........................................: 436 
A.rubripes   :-------------------.................A.......................: 41 7 
A.flavirostri:...........C.............................G..T...............: 60 8 
A.crecca :.................C..........................................: 60  9 
A.carolinensi:---------------.............................................: 4510 
A.acutaGU5   :------------........G.......................................: 48 11 
A.bahamensis :------------------..........................................: 42 12 
A.georgica   :------------------..........................................: 42 13 
A.supercilio :-----------------------------------------------------------.: 114 
A.fulvigulari:-----------------...........................................: 4315 
cttatcttcggggcatgagccggaataattggcacA16 
L  I  F  G  A  W  A  G  M  I  G  T   17 1819
* 80 * 100 * 12020 
A.plaGU571240:............................................................:11821 
Tegal Duck   :............................................................:120 22 
A.poeKF751616:............................................................:10323 
A.laysanensis:..........................G..G..............................:103 24 
A.rubripes   :..........................G.................................:101 25 
A.flavirostri:...........G..A.....C..............A........................:120 26 
A.crecca :.....T..............C..............A.....A..................:120  27 
A.carolinensi:...........G..A.....C..............A.....A..................:105 28 
A.acutaGU5   :....................C....................A........A.........:108 29 
A.bahamensis :............T.......C....................A..................:102 30 
A.georgica   :..............A.....C....................A..................:102 31 
A.supercilio :............................................................: 61 32 
A.fulvigulari:..........................G.................................:103 33 
GCACTcAGCCTacTgATCCGgGCAGAaCTaGGCCAgCCAGGgACCCTCCTgGGCGACGAC34 
A  L  S  L  L  I  R  A  E  L  G  Q  P  G  T  L  L  G  D  D  35 36 
* 140 * 160 * 18037 
A.plaGU571240:............................................................:17838 
Tegal Duck   :............................................................:180 39 
A.poeKF751616:............................................................:16340 
A.laysanensis:............................................................:16341 
A.rubripes   :............................................................:161 42 
A.flavirostri:...................................T.................A......:180 43 
A.crecca :........C.....A...........C........T.......................A:180 44 
A.carolinensi:........C.....A...........C........T........................:165 45 
A.acutaGU5   :........C..........................T...........T............:168 46 
A.bahamensis :........C.................C..T.....T...........T............:162 47 
A.georgica   :...................................T...........T............:162 48 
A.supercilio :............................................................:121 49 
A.fulvigulari:...........................................................A:16350 
CAAATTTAtAACGTgATCGTCACCGCtCAcGCCTTcGTAATAATCTTcTTCATgGTAATg51 
Q  I  Y  N  V  I  V  T  A  H  A  F  V  M  I  F  F  M  V  M   52 53 
* 200 * 220 * 24054 
A.plaGU571240:............................................................:23855 
Tegal Duck   :............................................................:240 56 
A.poeKF751616:............................................................:22357 
A.laysanensis:............................................................:22358 
A.rubripes   :.................................A..........................:241 59 
A.flavirostri:..............G..A..T.........C..........A..................:240 60 
A.crecca :........G........A..............A........A........C.....T...:240 61 
A.carolinensi:.................A..............A........A..G...............:225 62 
A.acutaGU5   :..............G..A.......................A..................:228 63 
A.bahamensis :.................A.......................A........C.........:222 64 
17 
A.georgica   :..T..............A..........................................:222 1 
A.supercilio :............................................................:181 2 
A.fulvigulari:............................................................:2233 
CCcATCATaATTGGaGGgTTcGGCAACTGAtTggTCCCCCTgATaATCGGtGCCCCcGAC4 
P  I  M  I  G  G  F  G  N  W  L  V  P  L  M I  G  A  P  D   5 6 
* 260 * 280 * 3007 
A.plaGU571240:............................................................:2988 
Tegal Duck   :............................................................:300 9 
A.poeKF751616:............................................................:28310 
A.laysanensis:............................................................:28311 
A.rubripes   :............................................................:301 12 
A.flavirostri:............................................G..G...........A:300 13 
A.crecca :...........................................................C:300 14 
A.carolinensi:....................T.......................C...............:285 15 
A.acutaGU5   :............................................................:288  16 
A.bahamensis :............................................................:282 17 
A.georgica   :............................................................:282 18 
A.supercilio :............................................................:241 19 
A.fulvigulari:............................................................:28320 
ATaGCATTCCCACGAATAAAcAACATAAGCTTCTGACTCCTCCCaCCaTCATTCCTCCTt  21 
M  A  F  P  R  M  N  N  M  S  F  W  L  L  P  P  S  F  L  L   22 23 
* 320 * 340 * 36024 
A.plaGU571240:......................................G.....................:358 25 
Tegal Duck   :......................................G.....................:360 26 
A.poeKF751616:......................................G.....................:343 27 
A.laysanensis:....................................A.A.....................:343 28 
A.rubripes   :....................................A.A.....................:361 29 
A.flavirostri:.................C.................CA.A...........G........C:360 30 
A.crecca :..............T..C...........G..C...A.A...........G........C:360 31 
A.carolinensi:..............T.................C...A.A..A........G........C:365 32 
A.acutaGU5   :.....T.................G..C.....C..CA.A...........G.....G..C:348 33 
A.bahamensis :.....T.................G..C.....C..CA.A...........G........C:342 34 
A.georgica   :.....T........T...........C.....C..CA.A...........G.....G..C:342 35 
A.supercilio :....................................A.A.....................:301 36 
A.fulvigulari:....................................A.A.....................:343 37 
CTACTcGCCTCATCcACtGTAGAaGCtGGcGCtGGtAC GGtTGAACCGTaTACCCaCCt38 
L  L  A  S  S  T  V  E  A  G  A  G  T  G  W  T  V  Y  P  P   39 40 
* 380 * 400 * 42041 
A.plaGU571240:............................................................:41842 
Tegal Duck   :............................................................:420 43 
A.poeKF751616:............................................................:40344 
A.laysanensis:............................................................:40345 
A.rubripes   :............................................................:421 46 
A.flavirostri:..............G.................G..A........................:420 47 
A.crecca :..............G....................A.....A...........C......:420 48 
A.carolinensi:..............G....................A.....A...........G......:425 49 
A.acutaGU5   :..............G...........G........A........C...........C...:408 50 
A.bahamensis :..............G....................A........C...........C...:402 51 
A.georgica   :..............G.................G..A........C...........C...:402 52 
A.supercilio :............................................................:361 53 
A.fulvigulari:............................................................:40354 
CTAGCAGGCAACCTaGCCCACGCCGGaGCCTCaGTgGACCTgGCtATCTTCTCaCTtCAC55 
L  A  G  N  L  A  H  A  G  A  S  V  D  L  A  I  F  S  L  H 56 57 
* 440 * 460 * 48058 
A.plaGU571240:.....T......................................................:478 59 
Tegal Duck   :.....T......................................................:480 60 
A.poeKF751616:.....T......................................................:463 61 
A.laysanensis:.....C......................................................:463 62 
A.rubripes   :.....C......................................................:481 63 
A.flaviros   :..A..C......................................................:480 64 
A.crecca :..A..C....................G.................................:480 65 
18 
A.carolinensi:..A..C....................G.....................G...........:485 1 
A.acutaGU5   :..A..C...................................C...........T......:438 2 
A.bahamensis :..A..C.............................T.....C...........T......:462 3 
A.georgica   :..A..C.............................T.....C...........T......:462 4 
A.supercilio :.....C......................................................:421 5 
A.fulvigulari:.....C......................................................:463 6 
CTgGC GGTGTCTCCTCCATCCTCGGaGCCATTAAcTTCATtACCACaGCCATcAACATA7 
L  A  G  V  S  S  I  L  G  A  I  N  F  I  T  T  A  I  N  M   8 9 
* 500 * 520 * 54010 
A.plaGU571240:............................................................:53811 
Tegal Duck   :............................................................:540 12 
A.poeKF751616:............................................................:52313 
A.laysanensis:............................................................:52314 
A.rubripes   :............................................................:541 15 
A.flavirostri:.........................................T.....G............:540 16 
A.crecca :.........T..........G..........................G............:540 17 
A.carolinensi:....................G.......................................:545 18 
A.acutaGU5   :.......................T.....A.....C...........G............:528 19 
A.bahamensis :....................G..T...........C........................:522 20 
A.georgica   :.......................T...........C........................:522 21 
A.supercilio :............................................................:481 22 
A.fulvigulari:............................................................:52323 
AAACCCCCcGCACTCTCACAaTAcCAAACcCCACTtTTCGTcTGATCaGTCCTAATTACC24 
k  P  P  A  L  S  Q  Y  Q  T  P  L  F  V  W S  V  L  I  T   25 26 
* 560 * 580 * 60027 
A.plaGU571240:............................................................:59828 
Tegal Duck   :............................................................:600 29 
A.poeKF751616:............................................................:58330 
A.laysanensis:............................................T...............:583 31 
A.rubripes   :............................................................:601 32 
A.flavirostri:........A.........................................A...T.....:600 33 
A.crecca :........A..................T................................:600 34 
A.carolinensi:...............................................G............:605 35 
A.acutaGU5   :......................................................T.....:588 36 
A.bahamensis :..T.........................................................:582 37 
A.georgica   :............................................................:582 38 
A.supercilio :............................................................:541 39 
A.fulvigulari:............................................................:58340 
GCcATCCTgCTCCTCCTATCACTCCCcGTCCTCGCCGCCGGCATcACaATgCTAcTAACC41 
A  I  L  L  L  L  S  L  P  V  L  A  A  G  I  T  M  L  L  T 42 43 44 
* 620 * 640 * 66045 
A.plaGU571240:............................................................:65846 
Tegal Duck   :............................................................:660 47 
A.poeKF751616:............................................................:64348 
A.laysanensis:............................................................:64349 
A.rubripes   :..................T.........................................:661 50 
A.flavirostri:.............................C..C........A..................:660 51 
A.crecca :.............................C..C........A..................:660 52 
A.carolinensi:.............................C..C..T.....A.................T:665 53 
A.acutaGU5   :.............................C..C........A.....T........A...:648 54 
A.bahamensis :...........G.................C..C........A..............A...:642 55 
A.georgica   :.............................C..C........A..................:642 56 
A.supercilio :............................................................:601 57 
A.fulvigulari:..................T......................A..................:643 58 
GACCGAAACCTaAACACcACATTCTTTGAtCCtGCcGGAGG GGAGAcCCAATCCTgTAc59 
D  R  N  L  N  T  T  F  F  D  P  A  G  G  G  D  P  I  L  Y   60 61 
67062 
A.plaGU571240: .................. : 676 63 
Tegal Duck   : .................. : 678 64 
A.poeKF751616: .................. : 661 65 
A.laysanensis: ..G............... : 661 66 
19 
A.rubripes   : ..G............... : 679 1 
A.flavirostri: .................. : 678 2 
A.crecca : .................. : 678 3 
A.carolinensi: ..G............... : 683 4 
A.acutaGU5   : ..G............... : 666 5 
A.bahamensis : ..G............... : 660 6 
A.georgica   : ..G............... : 660 7 
A.supercilio : .................. : 619 8 
A.fulvigulari: ..G......--------- : 652 9 
CA CACCTAttttgattc10 
Q  H  L  F  W  F  11 
Figure 5. Similarity analysis of the COI fragment of Tegal Duck with other genus Anas 12 
member  13 
14 
The Maximum Likelihood for base substitution was showed in Table 3. The Maximum 15 
Likelihood Estimation of Transition/Transversion bias (R) for all of the Sequences is 16 
15.30. 17 
18 
Table 3. Maximum Likelihood Estimate of Substitution Matrix 19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Note : The probability of substitution (r) from one base (row) to another base (column). 31 
Rates of different transversional substitutions are shown in italics and those of 32 
transitional substitutions are shown in bold. 33 
3.3   Phylogenetic Analysis 34 
A T/U C G 
A - 0.65 1.05 24.06
T/U 0.70 - 22.55 0.50
C 0.70 13.87 - 0.50
G 33.72 0.65 1.05 -
20 
The phylogenetic tree analysis result among member of Anas genus as illustrated in 1 
Figure 6, showed that Tegal duck from Indonesia as domestic duck is more possible as 2 
hybrids mixed with A. plathyrhynchos (Mallard) from Scandinavia (accs:GU571240) 3 
and A. poecilorhyncha (Indian Spot-billed ducks) from China (accs:KF751616) in being 4 
together into monophyletic cluster in their phylogenetic tree. 5 
6 
7 
Figure 6. Phylogenetic evolutionary  tree of COI gene displaying the evolutionary  8 
relationship of  Tegal  Duck within a lineage shared by other member of Anas 9 
species. The scale bar in the upper right represents 0.05 substitutions per 10 
nucleotide site 11 
12 
This result also supported by adequate bootstrap value about  94%. (The number of 13 
bootstrap replication was 1000). The phylogenetic tree was constructed by using the 14 
Jukes-Cantor model. This research result showed that Tegal Duck relation with A. 15 
platyrhynchos and A. poecilorhyncha according to  COI gene comparing with other  16 
duck species were well separated using the COI gene in mtDNA. 17 
A.superciliosa
Tegal Duck 
A.plathyrhynchosGU571240
A.poecilorhynchaKF751616
940 
880
A.fulvigulaDQ432723
A.rubripesAY666221
A.laysanensisJF498830
539 
603 
560 
A.crecca
A.carolinensisDQ434280
A.acutaGU571235
A.bahamensisFJ027081
A.georgicaFJ027095
841
981
989
1000 
459
A.flavirostris
0.005
Commented [N7]: Write down the model with its 
source in Materials and Methods section. 
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1 
Table 4. Codon usage in COI fragment of Tegal Duck 2 
 3 
Codon Count RSCU Codon Count RSCU Codon Count RSCU 
UUU(F) 3.2 0.39 UCU(S) 0.4 0.18 UAU(Y) 1.8 0.63 
UUC(F) 13 1.61 UCC(S) 3.2 1.55 UAC(Y) 4 1.37 
UUA(L) 1.2 0.2 UCA(S) 6.5 3.09 UAA(*) 0 0 
UUG(L) 0.9 0.15 UCG(S) 0.5 0.22 UAG(*) 0 0 
CUU(L) 3.6 0.58 CCU(P) 1.5 0.36 CAU(H) 0.1 0.03 
CUC(L) 13.2 2.09 CCC(P) 6.7 1.63 CAC(H) 5.2 1.97 
CUA(L) 12.5 2 CCA(P) 8 1.94 CAA(Q) 3.5 1.41 
CUG(L) 6.2 0.99 CCG(P) 0.3 0.07 CAG(Q) 1.5 0.59 
AUU(I) 6.7 0.7 ACU(T) 1.4 0.38 AAU(N) 0.2 0.05 
AUC(I) 13.9 1.46 ACC(T) 8.1 2.23 AAC(N) 8.9 1.95 
AUA(I) 8 0.84 ACA(T) 4.7 1.3 AAA(K) 1.3 2 
AUG(M) 2.9 1 ACG(T) 0.3 0.09 AAG(K) 0 0 
GUU(V) 0.1 0.02 GCU(A) 3.4 0.57 GAU(D) 0.6 0.17 
GUC(V) 6.8 2.1 GCC(A) 14.5 2.45 GAC(D) 6.7 1.83 
GUA(V) 4.2 1.31 GCA(A) 5.8 0.98 GAA(E) 2.5 1.74 
GUG(V) 1.8 0.57 GCG(A) 0 0 GAG(E) 0.4 0.26 
UGU(C) 0 0 CGU(R) 0.2 0.29 AGU(S) 0 0 
UGC(C) 0 0 CGC(R) 0.5 0.88 AGC(S) 2 0.96 
UGA(*) 5.8 3 CGA(R) 2 3.8 AGA(R) 0 0 
UGG(W) 0.1 1 CGG(R) 0.5 1.02 AGG(R) 0 0 
GGU(G) 3.5 0.6 GGA(G) 7.8 1.36 
GGC(G) 8.7 1.51 GGG(G) 3 0.52 
 4 
Values are based on all protein-coding genes of COI in Anas mitochondrial sequence. () 5 
AA, one-letter code for amino acid; count, number of codons; RSCU, relative 6 
Commented [N8]:  Table 4 is given twicely in the 
article. Reference of this table is not quoted even a 
single time anywhere in the article. All Tables must be 
referred to in the main body of the text. Refer to them 
in the text by their number. For example : As shown in 
Table 2……………. 
22 
synonymous codon usage (calculated as the observed frequency of a codon divided by 1 
its expected frequency under the assumption of equal codon usage, *, stop codons. 2 
3 
4. Discussion 4 
Nuclear and mitochondrial genomes were very promising to serve as a model of 5 
genome evolution and resolving ancient patterns of the evolutionary history of birds. 6 
The sequencing result of PCR product followed by similarity analysis of the Tegal Duck 7 
and showing close homologies with the 18S rRNA gene of A. platyrhynchos. Both 18S 8 
rRNA sequences Tegal Duck and A. platyrhynchos exhibited conserve region between 9 
sequences which suggested that this sequence was well conserved in 18S rRNA of A. 10 
platyrhynchos. A. platyrhynchos was grouped with A. poecilorhyncha dan having 11 
0.0047% divergent23. This result also supported that region which having highly 12 
conserved among intra-species  such as 18S rRNA genes with similarities close to 100% 13 
could be used for species-level analyses in the case of Copepode10. 14 
Similarity analysis also achieved number of base substitution between Tegal duck and  15 
in A. platyrhynchos with the transition mutation in three base position and transversion 16 
mutation in three base position  that can be used to distinguish intraspecies. The 17 
substitution at the nitrogen bases cause a mismatch in the sequence, there is turnover 18 
among the same base pairs (transitions) and base pairs with his opponent (transversion). 19 
The principal problem of evolution in nuclear and mitochondrial genomes is a mutation 20 
that changes the genes. Gene or DNA sequence with a mutation will cause nucleotide 21 
substitution that might be spread into the population by natural selection and genetic 22 
drift and sometimes be fixed in a species. This character will inherit into their 23 
descendant species if the mutated gene produces new morphological or physiological 24 
23 
character24. Single nucleotide can caused polymorphism in RNA that will exhibit  1 
genetic differences between individuals and having the important function when the 2 
mutation was found in specific region. A mutation in 18S rRNA was the heritable 3 
change in DNA sequence which may, or may not, potentially affect the phenotype of the 4 
organism since the mutations are a very important in making genes variations. These 5 
genes can influence the characteristics of an organism. Changes in any part of the 6 
environment affecting the organism extinct. Mutation in rRNA molecules can also 7 
affect control of protein synthesis that determine the complementary base-pairing 8 
between mRNA and rRNA molecules. This regulatory adaptations was important in 9 
getting more efﬁcient and fast translation since  the early time of evolution25. 10 
Consideration of point mutation in 18S rRNA of Tegal Duck became very important 11 
since A. platyrhynchos was  proven to be one of the most potential avian that bring the 12 
Avian Influenza virus in their body. However, infection on housekeeping genes with 13 
several avian influenza viruses showed that 18S rRNA is the most stable reference 14 
gene19. 15 
Similarity analysis of  COI fragment with length 751 bp showed that Tegal Duck  had 16 
several base subtitution almost in the same position with some A. plathyrhynchos and 17 
four A. poecilorhyncha. One species of A. platyrhynchos from Scandinavia (accs. 18 
GU571240.1) showed different character comparing with all A. platyrhynchos that 19 
homolog to Tegal duck which having some nucleotide subtitution as depicted in Table 20 
2.  The Maximum Likelihood Estimation of Transition/Transversion bias (R) for all of21 
the Sequences is 15.30 whis was still in a range for mitochondrial DNA24. Probability 22 
level of transition is greater than transversion indicates that the changes in the COI gene 23 
of Tegal duck can be a silent mutation, and therefore does not significantly alter the 24 
24 
genes to ensure its taxon at Anas group. Transition substitution probabilities is higher 1 
than transversion substitution, which subtitution of adenin into guanin vice versa reach 2 
the greatest.  This is affected by the similarity of their molecular structure. Therefore, 3 
the probability is smaller transversion substitution, which is caused by the purine and 4 
pyrimidine nucleotides has a different larger molecular structure24. 5 
The COI region of A. platyrhynchos from Scandinavia (accs. GU571240.1) with length 6 
724 bp of was very similar with Tegal Duck. Furthermore, A. poecilorhyncha from 7 
China showed several different character in base composition in their COI fragment 8 
intraspecies ehhibited by different position in cladogram tree (Figure 5). This position 9 
showed indication that some A. plathyrhynchos and A. poecilorhyncha was breed and 10 
having some descendant that gaining their both character, while other still save the 11 
dominant character originally from A. poecilorhyncha itself.  The Tegal duck showed 12 
the unique character that instead have dominant character of A.plathyrhynchos,  its also 13 
gaining original character of A. poecilorhyncha. This result strongly implicated that 14 
Tegal ducks from Indonesia as domestic duck may have ancestor A. platyrhynchos and 15 
A. poecilorhyncha. The phylogenetic tree analysis result among member of Anas genus16 
as illustrated in Figure 6, showed that Tegal duck from Indonesia as domestic duck is 17 
more possible as hybrids mixed with A. plathyrhynchos (Mallard) from Scandinavia 18 
(accs: GU571240.1) and A. poecilorhyncha from Cina (accs. KF751616) in being 19 
together into monophyletic cluster in their phylogenetic tree. This result also supported 20 
by adequate bootstrap value about  94%. (The number of bootstrap replication was 21 
1000). The phylogenetic tree was constructed by using the Jukes-Cantor model. This 22 
result more supported that Tegal Duck had close relationship with A. platyrhynchos and 23 
A. poecilorhyncha according to  COI gene comparing with other  duck species. The24 Commented [N9]: In DISCUSSION section you can not present the results of your study, it is a place where 
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same result was showed on Korean duck which derived from Mallard (A. 1 
platyrhynchos) and Spot-billed ducks (A. poecilorhyncha)6. However another researcher  2 
said that based on their mitochondrial DNA, domestic Korean ducks were originated 3 
from Anas platyrhynchos5. Some South and East Asian Duck may live in areas with 4 
suitable food and habitat because they are both migratory birds and having 5 
characteristics that make them easy to domesticate26. Hybrids from  Mallards with Spot-6 
billed Duck, often appear in natural habitats which make most domestic ducks are 7 
difficult to make a group using genetic markers because they share these wild duck 8 
ancestors. 9 
Similarity analysis of the COI gene sequences of Tegal Duck with COI gene on the 10 
mitochondrial gene of other member of Anas genus identified 99% ˗ 100 % value in 11 
their COI region. These result exhibited little diversities among A. platyrhynchos in 12 
their interspecies sequences itself. This result was achieved by a justification that 13 
mtDNA invertebrate is maternally inherited, nonrecombining, and effectively haploid7. 14 
Evolutionary theory assumes that mutations are random because of their adaptive value. 15 
For example, some nucleotides are more mutable than others. The COI regions 16 
generally have high transition/transversion ratios of mutation and are more significant in 17 
closely-related species. Nucleotide substitution with transition bias in is a common 18 
phenomenon in mtDNA of an animal. The factors contributing transition bias was the 19 
spontaneous mutation rate involving a transitional and  transversional change; also 20 
purifying selection on protein-coding genes. Purified selection will tolerate synonymous 21 
mutations and eliminates nonsynonymous mutations27. Transition mutations are 22 
performed at the higher frequency  than transversions. Transitions are less likely to 23 
26 
result in amino acid substitutions caused by wobble, and are therefore more likely to 1 
known as silent substitutions in populations24.  2 
Mainly the Genus Anas is derived from Mallard ducks. Also, the evolution of Anas was 3 
dominant factor that affects  the production of hybrid ducks28,29. Based on the research 4 
results for the COI gene, there was no significant difference between Tegal Duck, 5 
Mallard and Spot-billed duck. The COI fragment of Tegal duck  showing 100% 6 
homologies with Anas platyrhynchos voucher NHMO-BC399 (GenBank accession 7 
number GU571240) that was Scandinavian birds from trans-Atlantic species30. The 8 
result showed indication that Tegal duck was originated from migrating wild duck. Our 9 
phylogenetic analysis also supported the results that the Mallard and Spot-billed duck 10 
breeds are not separated. Phylogenetic evolutionary  tree of COI gene is supported the 11 
phylogenetic analysis using 18S ribosomal RNA, which showed that Tegal Duck is 12 
descended from a common ancestor which were A. platyrhynchos and A. 13 
poecilorhyncha.  This result was fit with other researchers in grouped A. platyrhynchos 14 
with A. poecilorhyncha dan having 0.0047% divergent23. This result was analysis 15 
further by amino acid analysis of COI gene from the member of Anas genus. Tree 16 
construction for a closely related gene using DNA sequences would be better than 17 
protein because to avoid any silent subtitution that is phylogenetically informative.  18 
These COI regions generally have the highest transition/transversion ratios and are more 19 
significant in closely-related species. From the Table 3, we showed the frequencies of 20 
different codons for the same amino acid. The use of multiple codons for encoding a 21 
particular amino acid was caused by redundancy of the genetic code. Generally, the 22 
percentage of amino acid on COI fragment was dominated by alanine (14.5%), followed 23 
by isoleusine (13.9%) and leucine glisine (13.2%). Codon usage patterns in Anas COI 24 
27 
fragment are shown in Table 3. Generally the percentage of amino acid on COI 1 
fragment on Anas was dominated by leucine (15.4% ˗ 16.4%) followed by alanine 2 
(9.8% ˗ 11.1%), glisine (9.4% ˗ 10.5%), and isoleusine (8.3% ˗ 9.1%) (data not shown). 3 
Tegal duck also showed the same result which the most frequently used amino acid was 4 
Leucine (16.2%), followed by Alanine (11.11%), Glycine (9.72%) and Isoleucine 5 
(8.33%). For amino acids with fourfold degenerate third positions, we also found that 6 
codons ending in C are always the most frequent in COI of Anas, followed by T, and 7 
then A  or G. Codon C appears to be used somewhat more than T, among twofold 8 
degenerate codons. The least common third position nucleotide in all categories except 9 
for arginine and glycine codons is codon G (G having same frequency with C and T but 10 
less than A). These patterns are usually similar for almost across vertebrate groups, 11 
except Xenopus28. The result shown on Figure 7 also showed that instead with A. 12 
plathyrhinchos and A. poecilorhyncha, Tegal Duck was a member of the monophyletic 13 
cluster with A. laysanensis, A. rubripes, A. fulvigula, and A. superciliosa. This result 14 
supported the data that A. plathyrhinchos have hybridized extensively with other closely 15 
related species worldwide like A. superciliosa on Australia and New Zealand, A. 16 
rubripes and A. plathyrhinchos from North America29, also A. laysanensis27. 17 
The research results also support that Tegal ducks were genetically close to the A. 18 
plathyrhynchos in showing higher close relationship with other A. plathyrhynchos 19 
comparing with A. poecilorhyncha. Also, pairwise distance among Tegal duck and other 20 
member of Anas demonstrated a relatively low level in interspecific distance at 0.006 ˗ 21 
0.063. This lower difference is possibly due to the cross breeding of Spot-billed and 22 
Mallard by sharing the same habitats31. Our phylogenetic analysis also revealed that 23 
Mallard and Spotbilled ducks are very close. The phylogenetic tree also showed that in 24 
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the monophyletic cluster, Tegal Duck having close relationship with A. laysanensis 1 
from Hawaii,  A. rubripes from Canada, A. fulvigula from Canada and A. superciliosa 2 
from Australia. This vast area was proven the migratory habits of most Mallards 3 
covering out of many thousands of kilometers area. Populations of mallard are highly 4 
genetically connected which showing the implication to decrease the local mallard 5 
numbers and genetic diversity exacerbated by alterations in local conditions6. 6 
Morphologically Mallard and Spot-billed duck breeds are very similar in shape, 7 
behavior, habitat, and even genetically possible for cross breeding32,33. In this study, 8 
comparing with other breeds, nucleotide polymorphisms in the COI gene were less 9 
variable among the Mallard, Spotbilled and domestic duck breeds which mainly share a 10 
similar sequences (Figure 3).  Although animal mitochondrial seqeunces are known to 11 
evolve rapidly, their gene arrangements often remain unchanged over long periods of 12 
evolutionary time33. Most importantly, when using BLAST searches to identify species, 13 
the results for the 18S rRNA gene were confirmed by the results for the COI  gene. 14 
Therefore, this analysis can be used to accurately identify species, with no potential 15 
species misidentification. Usually species identification for Anas results based on the 16 
mitochondrial COI gene and 18S rRNA gene are identical. For further consideration, 17 
based on this research result on Figure 4, Tegal Duck COI fragment also showed 99% 18 
homologies with  COI  partial sequence of other A. platyrhynchos and A. 19 
poecilorhyncha mostly  from China, like A. platyrhynchos breed Rongshui duck, A. 20 
platyrhynchos breed Xilin duck, A. platyrhynchos breed Longsheng duck, A. 21 
platyrhynchos breed Shaoxing, A. platyrhynchos breed Jianchang, A. platyrhynchos 22 
breed mallard, and A. platyrhynchos breed Beijing duck, but  still out of polyphyletic 23 
cluster. This result will be of consideration since wild ducks having potencies as a 24 
29 
natural reservoir of influenza and parainfluenza viruses and are involved in the 1 
dissemination of these viruses all over the world. China has been regarded as an 2 
“influenza epicenter” for the genesis and emergence of pandemic viruses. The highly 3 
pathogenic avian influenza H5N1 virus in Asia that came from China showed 4 
ecological adaptation which gaining broad host range. In Asia and Africa, they become 5 
established in a lot of poultry34,35. Hopefully, this potential hazard can be minimize in 6 
Indonesia after knowing that Tegal duck was out of this “China duck” cluster. 7 
. 8 
5. Conclusion 9 
The research had performed phylogenetic analysis with both the nuclear 18S rRNA 10 
gene and mitochondrial COI genes characterization that is necessary to gain 11 
representative identification of Tegal Duck. The COI gene is provide a better coverage 12 
and wider spectrum of species characterization than 18S rRNA. The COI gene produced 13 
a higher similarity with number of species member of Anas Genus and thus, had 14 
increased comprehensive phylogenetic relativity. The use of 18S rRNA as combination 15 
with COI gene had overcome limited availability of data set in Genbank in conducting 16 
more  acurate analysis that made us possible to found more genetic diversity within A. 17 
plathyrhynchos. Thus, 18S rRNA and COI gene each have their advantages and 18 
drawbacks in this research. The research result in this study provides important 19 
information to integrate both markers, to set up a comprehensive genetic information for 20 
Tegal duck in showing their close similarities with not only A. plathyrhyncos but also A. 21 
poecilorhyncha. The classification of duck species and the identification of mutations 22 
would be very useful for the delineation of the origin of duck species and selection of an 23 
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appropriate conservation breeding program. However, more investigation of molecular 1 
studies is required to improve the classification of duck species. 2 
3 
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Table 1. The 18S rRNA and Mitochondrial COI gene of Anas species from GenBank 1 
used in this study 2 
Species Accesion number 
A. platyrhynchos voucher NHMO-BC399 GU571240 
A. platyrhynchos EU123318 
A. platyrhynchos isolate Moulard AF23 FJ416869 
A. platyrhynchos AF173614 
A. platyrhynchos D38362.1 
A. platyrhynchos EU009397 
A. platyrhynchos breed Beijing EU755252 
A. platyrhynchos breed Sichuan KX592536 
A. platyrhynchos breed Longsheng KJ739616 
A. platyrhynchos KJ778676 
A. platyrhynchos breed mallard EU755253 
A. platyrhynchos breed Xilin KJ833586 
A. platyrhynchos voucher DCB-WD1 KF992022 
A. platyrhynchos KJ883269 
A. platyrhynchos breed Rongshui KJ833587 
A. platyrhynchos KJ637997 
A. platyrhynchos KJ689447 
A. platyrhynchos breed Shaoxing HM010684 
A. platyrhynchos breed Jianchang FJ167857 
A.bahamensis FJ027081 
A.rubripes AY666221 
A.laysanensis JF498830 
A.superciliosa JN801396 
A.flavirostris N01487 
A.crecca GU571238 
Anas laysanensis JF498830 
A.poecilorhyncha JN703235 
A.poecilorhyncha AY164517 
A.poecilorhyncha KC466567 
A.poecilorhyncha EU009397 
A.poecilorhyncha KF156760 
A.poecilorhyncha KF751616 
A A.poecilorhyncha JN793235 
A.fulvigula DQ432723 
A.georgica FJ027095 
A.acuta GU571235 
A.carolinensis DQ434280 
A.rubripes AY666221 
A.laysanensis JF498830 
A.superciliosa JN801396 
A.flavirostris N01487 
A.crecca GU571238 
A.laysanensis JF498830 
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Table 2. Base subtitution in Tegal Duck COI fragment comparing with several A. 1 
plathyrhynchos and A. poecilorhyncha 2 
Tegal Duck and A. 
plathyrhynchos 
Tegal Duck and A 
poecilorhyncha 
Position of base 
subtitution 
7 (T→A),12(C→T),24 
(T→C),27(C→T), 732(T→C), 
739(T→A), 740(T→C, 744 
(C→A) 
7 (T→A),12(C→T),24 (T→C), 
732(T→C), 739(T→A), 
740(T→C), 744(C→A) 
KF156760, KF751616, 27(C→T) 
KC466567,  
Position of base 
subtitution 
7(transversion),12(transition), 
24 (transition),27(transition), 
732(transition), 
739(transversion), 
740(transition,744(transversion) 
7(transversion),12(transition), 
24 (transition), 
27(transition)732(transition), 
739(transversion), 
740(transition,744(transversion) 
Position of base 
insertion 
746 (C→−) 746(C→−) 
3 
4 
Table 3. Maximum Likelihood Estimate of Substitution Matrix 5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Note : The probability of substitution (r) from one base (row) to another base (column). 17 
Rates of different transitional substitutions are shown in bold and those of 18 
transversional substitutions are shown in italics.  19 
 20 
 21 
A T/U C G 
A - 0.65 1.05 24.06
T/U 0.70 - 22.55 0.50
C 0.70 13.87 - 0.50
G 33.72 0.65 1.05 -
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Table 4. Codon usage in COI fragment of Tegal Duck 1 2 
Codon Count RSCU Codon Count RSCU Codon Count RSCU 
UUU(F) 3.2 0.39 UCU(S) 0.4 0.18 UAU(Y) 1.8 0.63 
UUC(F) 13 1.61 UCC(S) 3.2 1.55 UAC(Y) 4 1.37 
UUA(L) 1.2 0.2 UCA(S) 6.5 3.09 UAA(*) 0 0 
UUG(L) 0.9 0.15 UCG(S) 0.5 0.22 UAG(*) 0 0 
CUU(L) 3.6 0.58 CCU(P) 1.5 0.36 CAU(H) 0.1 0.03 
CUC(L) 13.2 2.09 CCC(P) 6.7 1.63 CAC(H) 5.2 1.97 
CUA(L) 12.5 2 CCA(P) 8 1.94 CAA(Q) 3.5 1.41 
CUG(L) 6.2 0.99 CCG(P) 0.3 0.07 CAG(Q) 1.5 0.59 
AUU(I) 6.7 0.7 ACU(T) 1.4 0.38 AAU(N) 0.2 0.05 
AUC(I) 13.9 1.46 ACC(T) 8.1 2.23 AAC(N) 8.9 1.95 
AUA(I) 8 0.84 ACA(T) 4.7 1.3 AAA(K) 1.3 2 
AUG(M) 2.9 1 ACG(T) 0.3 0.09 AAG(K) 0 0 
GUU(V) 0.1 0.02 GCU(A) 3.4 0.57 GAU(D) 0.6 0.17 
GUC(V) 6.8 2.1 GCC(A) 14.5 2.45 GAC(D) 6.7 1.83 
GUA(V) 4.2 1.31 GCA(A) 5.8 0.98 GAA(E) 2.5 1.74 
GUG(V) 1.8 0.57 GCG(A) 0 0 GAG(E) 0.4 0.26 
UGU(C) 0 0 CGU(R) 0.2 0.29 AGU(S) 0 0 
UGC(C) 0 0 CGC(R) 0.5 0.88 AGC(S) 2 0.96 
UGA(*) 5.8 3 CGA(R) 2 3.8 AGA(R) 0 0 
UGG(W) 0.1 1 CGG(R) 0.5 1.02 AGG(R) 0 0 
GGU(G) 3.5 0.6 GGA(G) 7.8 1.36 
Commented [N15]: Delete it 
38 
GGC(G) 8.7 1.51 GGG(G) 3 0.52 
1 
Values are based on all protein-coding genes of COI in Anas mitochondrial sequence. () 2 
AA, one-letter code for amino acid; count, number of codons; RSCU, relative 3 
synonymous codon usage (calculated as the observed frequency of a codon divided by 4 
its expected frequency under the assumption of equal codon usage, *, stop codons. 5 
6 
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10 
11 
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Figure 1. The18S rRNA of Tegal Duck fragment (lane 1=18S rRNA  fragment, 2=1 kb 3 
                DNA Ladder, 3=100 bp DNA Ladder) 4 
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40 
 
* 20 * 401 
A.plathyEU123318: CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 402 
A.plathyAF173614: CCATGCATGTGTAAGTACACACGGGCGGTACAGTGAAACT : 453 
Tegal Duck : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 4 
5 
* 60 * 806 
A.plathyEU123318: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 807 
A.plathyAF173614: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 858 
Tegal Duck : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 9 
10 
* 100 * 12011 
A.plathyEU123318: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 12012 
A.plathyAF173614: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 12513 
Tegal Duck : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 14 
15 
* 140 * 16016 
A.plathyEU123318: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 16017 
A.plathyAF173614: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 16518 
Tegal Duck : TAATACATGCTGACGAGCGCCGACCTCCGGGGACGCGTGC : 160 19 
20 
* 180 * 20021 
A.plathyEU123318: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 18322 
A.plathyAF173614: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 18723 
Tegal Duck : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 183 24 
25 
* 220 * 24026 
A.plathyEU123318: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 24127 
A.plathyAF173614: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 24528 
Tegal Duck : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 241 29 
30 
* 260 * 28031 
A.plathyEU123318: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 28132 
A.plathyAF173614: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 28533 
Tegal Duck : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 281 34 
35 
* 300 * 32036 
A.plathyEU123318: TTCGATGGTAGTGTCTGTGCCTACCATGGTGACCACGGGTA: 32237 
A.plathyAF173614: TTCGATGGTACTGTCTGTGCCTACCATGGTGACCACGGGTA: 32638 
Tegal Duck : TTTGATGGTAGTGTCTGTGCCTCCCATGGTGACCACGGGTA: 322 39 
40 
* 340 * 36041 
A.plathyEU123318: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 36342 
A.plathyAF173614: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 36743 
Tegal Duck : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 363 44 
45 
* 380 * 40046 
A.plathyEU123318: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 40447 
A.plathyAF173614: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 40848 
Tegal Duck : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 404 49 
50 
* 420 * 44051 
A.plathyEU123318: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 44552 
A.plathyAF173614: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 44953 
41 
Tegal Duck : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 445 1 
2 
* 460 * 4803 
A.plathyEU123318: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:4854 
A.plathyAF173614: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:4895 
Tegal Duck : ACAGGACTCTTTCGAGGCCCAGTAATTG-AATGAGTCCACT:484 6 
7 
Figure 2. Comparison of 18S rRNA sequences of of  Tegal duck and interspecies A. 8 
plathyrynchos, orange box indicates their transition mutation and blue box for 9 
transversion 10 
11 
12 
Figure. 3. The COI gene of Tegal Duck fragment (lane 1=100 bp DNA Ladder, 2=  13 
    COI gene fragment 14 
15 
16 
  1  2 
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Figure 4. Cladogram of COI fragment displaying the evolutionary relationship of  Tegal  2 
Duck with A. plathyrhynchos and A. poecilorhyncha  3 
4 
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14 
 A.poecilorynchaKC466567
 A.plathyrhynchosEU009397
 A.plathyrhynchosBeijingEU755252
 A.plathyrhynchosSichuanKX592536
 A.plathyrhynchosLongshengKJ739616
 A.plathyrhynchosKJ778676
 A.plathyrhynchosmallardEU755253
 A.plathyrhynchosXilinKJ833586
 A.plathyrhynchosDCBWD1KF992022
 A.plathyrhynchosKJ883269
 A.plathyrhynchosRongshuiKJ833587
 A.plathyrhynchosKJ637997
 A.plathyrhynchosKJ689447
 A.plathyrhynchosShaoxingHM010684
 A.plathyrhynchosJianchangFJ167857
 A.poecilorynchaKF751616
 A.poecilorynchaKF156760
 Tegal Duck
 A.superciliosaJN801396
64
61
82
43 
* 20 * 40 * 601 
A.plaGU571240:--..........................................................: 582 
Tegal Duck   :cacaaagacattggcactctatac....................................: 60 3 
A.poeKF751616:...........C................................................: 43 4 
A.laysanensis:-----------------...........................................: 435 
A.rubripes   :-------------------.................A.......................: 41 6 
A.flavirostri:...........C.............................G..T...............: 60 7 
A.crecca :.................C..........................................: 60  8 
A.carolinensi:---------------.............................................: 459 
A.acutaGU5   :------------........G.......................................: 48 10 
A.bahamensis :------------------..........................................: 42 11 
A.georgica   :------------------..........................................: 42 12 
A.supercilio :-----------------------------------------------------------.: 113 
A.fulvigulari:-----------------...........................................: 4314 
cttatcttcggggcatgagccggaataattggcacA15 
L  I  F  G  A  W  A  G  M  I  G  T   16 1718
* 80 * 100 * 12019 
A.plaGU571240:............................................................:11820 
Tegal Duck   :............................................................:120 21 
A.poeKF751616:............................................................:10322 
A.laysanensis:..........................G..G..............................:103 23 
A.rubripes   :..........................G.................................:101 24 
A.flavirostri:...........G..A.....C..............A........................:120 25 
A.crecca :.....T..............C..............A.....A..................:120  26 
A.carolinensi:...........G..A.....C..............A.....A..................:105 27 
A.acutaGU5   :....................C....................A........A.........:108 28 
A.bahamensis :............T.......C....................A..................:102 29 
A.georgica   :..............A.....C....................A..................:102 30 
A.supercilio :............................................................: 61 31 
A.fulvigulari:..........................G.................................:103 32 
GCACTcAGCCTacTgATCCGgGCAGAaCTaGGCCAgCCAGGgACCCTCCTgGGCGACGAC33 
A  L  S  L  L  I  R  A  E  L  G  Q  P  G  T  L  L  G  D  D  34 35 
* 140 * 160 * 18036 
A.plaGU571240:............................................................:17837 
Tegal Duck   :............................................................:180 38 
A.poeKF751616:............................................................:16339 
A.laysanensis:............................................................:16340 
A.rubripes   :............................................................:161 41 
A.flavirostri:...................................T.................A......:180 42 
A.crecca :........C.....A...........C........T.......................A:180 43 
A.carolinensi:........C.....A...........C........T........................:165 44 
A.acutaGU5   :........C..........................T...........T............:168 45 
A.bahamensis :........C.................C..T.....T...........T............:162 46 
A.georgica   :...................................T...........T............:162 47 
A.supercilio :............................................................:121 48 
A.fulvigulari:...........................................................A:16349 
CAAATTTAtAACGTgATCGTCACCGCtCAcGCCTTcGTAATAATCTTcTTCATgGTAATg50 
Q  I  Y  N  V  I  V  T  A  H  A  F  V  M  I  F  F  M  V  M   51 52 
* 200 * 220 * 24053 
A.plaGU571240:............................................................:23854 
Tegal Duck   :............................................................:240 55 
A.poeKF751616:............................................................:22356 
A.laysanensis:............................................................:22357 
A.rubripes   :.................................A..........................:241 58 
A.flavirostri:..............G..A..T.........C..........A..................:240 59 
A.crecca :........G........A..............A........A........C.....T...:240 60 
A.carolinensi:.................A..............A........A..G...............:225 61 
A.acutaGU5   :..............G..A.......................A..................:228 62 
A.bahamensis :.................A.......................A........C.........:222 63 
A.georgica   :..T..............A..........................................:222 64 
A.supercilio :............................................................:181 65 
A.fulvigulari:............................................................:22366 
44 
CCcATCATaATTGGaGGgTTcGGCAACTGAtTggTCCCCCTgATaATCGGtGCCCCcGAC1 
P  I  M  I  G  G  F  G  N  W  L  V  P  L  M I  G  A  P  D   2 3 
* 260 * 280 * 3004 
A.plaGU571240:............................................................:2985 
Tegal Duck   :............................................................:300 6 
A.poeKF751616:............................................................:2837 
A.laysanensis:............................................................:2838 
A.rubripes   :............................................................:301 9 
A.flavirostri:............................................G..G...........A:300 10 
A.crecca :...........................................................C:300 11 
A.carolinensi:....................T.......................C...............:285 12 
A.acutaGU5   :............................................................:288  13 
A.bahamensis :............................................................:282 14 
A.georgica   :............................................................:282 15 
A.supercilio :............................................................:241 16 
A.fulvigulari:............................................................:28317 
ATaGCATTCCCACGAATAAAcAACATAAGCTTCTGACTCCTCCCaCCaTCATTCCTCCTt  18 
M  A  F  P  R  M  N  N  M  S  F  W  L  L  P  P  S  F  L  L   19 20 
* 320 * 340 * 36021 
A.plaGU571240:......................................G.....................:358 22 
Tegal Duck   :......................................G.....................:360 23 
A.poeKF751616:......................................G.....................:343 24 
A.laysanensis:....................................A.A.....................:343 25 
A.rubripes   :....................................A.A.....................:361 26 
A.flavirostri:.................C.................CA.A...........G........C:360 27 
A.crecca :..............T..C...........G..C...A.A...........G........C:360 28 
A.carolinensi:..............T.................C...A.A..A........G........C:365 29 
A.acutaGU5   :.....T.................G..C.....C..CA.A...........G.....G..C:348 30 
A.bahamensis :.....T.................G..C.....C..CA.A...........G........C:342 31 
A.georgica   :.....T........T...........C.....C..CA.A...........G.....G..C:342 32 
A.supercilio :....................................A.A.....................:301 33 
A.fulvigulari:....................................A.A.....................:343 34 
CTACTcGCCTCATCcACtGTAGAaGCtGGcGCtGGtAC GGtTGAACCGTaTACCCaCCt35 
L  L  A  S  S  T  V  E  A  G  A  G  T  G  W  T  V  Y  P  P   36 37 
* 380 * 400 * 42038 
A.plaGU571240:............................................................:41839 
Tegal Duck   :............................................................:420 40 
A.poeKF751616:............................................................:40341 
A.laysanensis:............................................................:40342 
A.rubripes   :............................................................:421 43 
A.flavirostri:..............G.................G..A........................:420 44 
A.crecca :..............G....................A.....A...........C......:420 45 
A.carolinensi:..............G....................A.....A...........G......:425 46 
A.acutaGU5   :..............G...........G........A........C...........C...:408 47 
A.bahamensis :..............G....................A........C...........C...:402 48 
A.georgica   :..............G.................G..A........C...........C...:402 49 
A.supercilio :............................................................:361 50 
A.fulvigulari:............................................................:40351 
CTAGCAGGCAACCTaGCCCACGCCGGaGCCTCaGTgGACCTgGCtATCTTCTCaCTtCAC52 
L  A  G  N  L  A  H  A  G  A  S  V  D  L  A  I  F  S  L  H 53 54 
* 440 * 460 * 48055 
A.plaGU571240:.....T......................................................:478 56 
Tegal Duck   :.....T......................................................:480 57 
A.poeKF751616:.....T......................................................:463 58 
A.laysanensis:.....C......................................................:463 59 
A.rubripes   :.....C......................................................:481 60 
A.flaviros   :..A..C......................................................:480 61 
A.crecca :..A..C....................G.................................:480 62 
A.carolinensi:..A..C....................G.....................G...........:485 63 
A.acutaGU5   :..A..C...................................C...........T......:438 64 
A.bahamensis :..A..C.............................T.....C...........T......:462 65 
45 
A.georgica   :..A..C.............................T.....C...........T......:462 1 
A.supercilio :.....C......................................................:421 2 
A.fulvigulari:.....C......................................................:463 3 
CTgGC GGTGTCTCCTCCATCCTCGGaGCCATTAAcTTCATtACCACaGCCATcAACATA4 
L  A  G  V  S  S  I  L  G  A  I  N  F  I  T  T  A  I  N  M   5 6 
* 500 * 520 * 5407 
A.plaGU571240:............................................................:5388 
Tegal Duck   :............................................................:540 9 
A.poeKF751616:............................................................:52310 
A.laysanensis:............................................................:52311 
A.rubripes   :............................................................:541 12 
A.flavirostri:.........................................T.....G............:540 13 
A.crecca :.........T..........G..........................G............:540 14 
A.carolinensi:....................G.......................................:545 15 
A.acutaGU5   :.......................T.....A.....C...........G............:528 16 
A.bahamensis :....................G..T...........C........................:522 17 
A.georgica   :.......................T...........C........................:522 18 
A.supercilio :............................................................:481 19 
A.fulvigulari:............................................................:52320 
AAACCCCCcGCACTCTCACAaTAcCAAACcCCACTtTTCGTcTGATCaGTCCTAATTACC21 
k  P  P  A  L  S  Q  Y  Q  T  P  L  F  V  W S  V  L  I  T   22 23 
* 560 * 580 * 60024 
A.plaGU571240:............................................................:59825 
Tegal Duck   :............................................................:600 26 
A.poeKF751616:............................................................:58327 
A.laysanensis:............................................T...............:583 28 
A.rubripes   :............................................................:601 29 
A.flavirostri:........A.........................................A...T.....:600 30 
A.crecca :........A..................T................................:600 31 
A.carolinensi:...............................................G............:605 32 
A.acutaGU5   :......................................................T.....:588 33 
A.bahamensis :..T.........................................................:582 34 
A.georgica   :............................................................:582 35 
A.supercilio :............................................................:541 36 
A.fulvigulari:............................................................:58337 
GCcATCCTgCTCCTCCTATCACTCCCcGTCCTCGCCGCCGGCATcACaATgCTAcTAACC38 
A  I  L  L  L  L  S  L  P  V  L  A  A  G  I  T  M  L  L  T 39 40 
* 620 * 640 * 66041 
A.plaGU571240:............................................................:65842 
Tegal Duck   :............................................................:660 43 
A.poeKF751616:............................................................:64344 
A.laysanensis:............................................................:64345 
A.rubripes   :..................T.........................................:661 46 
A.flavirostri:.............................C..C........A..................:660 47 
A.crecca :.............................C..C........A..................:660 48 
A.carolinensi:.............................C..C..T.....A.................T:665 49 
A.acutaGU5   :.............................C..C........A.....T........A...:648 50 
A.bahamensis :...........G.................C..C........A..............A...:642 51 
A.georgica   :.............................C..C........A..................:642 52 
A.supercilio :............................................................:601 53 
A.fulvigulari:..................T......................A..................:643 54 
GACCGAAACCTaAACACcACATTCTTTGAtCCtGCcGGAGG GGAGAcCCAATCCTgTAc55 
D  R  N  L  N  T  T  F  F  D  P  A  G  G  G  D  P  I  L  Y   56 57 
*58 
A.plaGU571240: .................. : 676 59 
Tegal Duck   : .................. : 678 60 
A.poeKF751616: .................. : 661 61 
A.laysanensis: ..G............... : 661 62 
A.rubripes   : ..G............... : 679 63 
A.flavirostri: .................. : 678 64 
A.crecca : .................. : 678 65 
A.carolinensi: ..G............... : 683 66 
46 
A.acutaGU5   : ..G............... : 666 1 
A.bahamensis : ..G............... : 660 2 
A.georgica   : ..G............... : 660 3 
A.supercilio : .................. : 619 4 
A.fulvigulari: ..G......--------- : 652 5 
CA CACCTAttttgattc6 
Q  H  L  F  W  F  7 8 
Figure 5. Similarity analysis of the COI fragment of Tegal Duck with other genus Anas 9 
member  10 
11 
12 
Figure 6. Phylogenetic evolutionary  tree of COI gene displaying the evolutionary  13 
relationship of  Tegal  Duck within a lineage shared by other member of Anas 14 
species. The scale bar in the upper right represents 0.05 substitutions per 15 
nucleotide site 16 
17 
18 
19 
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Abstract: Tegal Dduck is a local waterfowl species that is known as a biglarge 11 
producer of an  egg whichthat is traditionally useding for making the famous salted  egg 12 
by the local people.   This researchstudy describes the molecular determination of Tegal 13 
Dduck carried out by analyzing of the genes encodinges for 18S rRNA and 14 
mitochondrial Ccytochrome Ooxydase I (COI). These data were used to determine the 15 
similarity  between the genetic sequences between of Tegal Dduck and other Anas 16 
species retrieved from the GenBank and also to compareison between both genes. 17 
Sequences were aligned using the ClustalX program, and the phylogenetic relationship 18 
was inferred using a Nneighbor- Jjoining tree-building algorithm on MEGA version 5. 19 
The size of the PCR product of partial 18S rRNA was about 485 bp, whilewhereas the 20 
size of the partial mitochondrial DNA (mtDNA) of the COI (Cytochrome Oxidase I) 21 
gene sequences obtainedwas 751 bp. The 18S rRNA data showed that the Tegal Dduck 22 
was closely related to Anas platyrhynchos (84.4% similarity). The COI gene data of 23 
Tegal duck  confirmed this relationship, with 99% homologyies with A.nas 24 
2 
platyrhynchos voucher NHMO-BC399. Nevertheless, the COI gene fragment of the 1 
Tegal Dduck also showed 99% homologyies with A. poecilorhyncha. We thus conclude 2 
that the Tegal duck havehas a close phylogenetic relationship with not only A. 3 
plathyrhyncos but also A. poecilorhyncha. 4 
Key words: Tegal duck, Cytochrome oxidase I, ribosomal  5 
6 
1. Introduction 7 
Duck is a dominant livestock with economic importance oin Tegal, Central Java, 8 
Indonesia, which has a very high population after Brebes and Klaten Regenciesy. This 9 
region is famouslypopularly known as one of the centers offor the best- quality of a 10 
salted duck eggs as a traditional food duck atin Indonesia as traditional food. 11 
Unfortunately, theirduck egg production tends to decrease by 10%-–41% for each year. 12 
Morphological and physiological characterization has been generallyusually was used 13 
for duck breeding program, which has resulted in instability of the  progeny and the 14 
product instability1,2. The Ccharacteristics of Tegal ducks were prompted arehave been 15 
considered to be typologically similar asto those of Mmallard (Anas platyrhynchos) and 16 
Sspot-billed ducks (A. poecilorhyncha) in various phenotypes such as tail, head color, 17 
and beak color, etc. which makecreates confusione in the decision in regarding animal 18 
breeding3,4. It is important to perform mMolecular characterization inof this local duck 19 
is important to improve the egg production in Tegal area. It is known that Ggenetic 20 
variation wasis responsible for phenotypic traits. Therefore, it is very important to 21 
analyzse the phylogenetic position based on the genetic characteristics of the domestic 22 
Tegal duck as domestic ducks in Indonesia,. Aalong with conservation perspectives 23 
with possibilities to use of of using their local advantages for breedings in the future. 24 
3 
Even moreMoreover, the origin and evolution of the local duck in Asia, especially their 1 
progeny from the breeding program from A.nas plathyrhynchos, wasis still in 2 
debateds5,6,7. 3 
Genetic characterization of Tegal duck was neededis necessary to ensure their 4 
phylogenetic position using two DNA barcoding methods between involving nuclear 5 
and mitochondrial DNA (mtDNA). Both nuclear and mitochondrial genes have been 6 
broadly used for the identification of domestic species8. A combination of 7 
mitochondrial and nuclearic genes would produce more credible species delineations 8 
than those based on a single gene. Detection of nuclear DNA might be limited as a 9 
result ofdue to the generally low copy number of sequences, which contrast withdiffers 10 
from the COI (Ccytochrome C Ooxidase I) gene from mitochondrial DNA (mtDNA) in 11 
having several copies of mtDNA per cell. Phylogenetic studies have showned that the 12 
COI gene is specifically suitable for interspecific population studies. Mutation and 13 
recombination in the nucleus serve to generate diversity in the nuclear genes, while 14 
mutation in animal mitochondria appears to be the primary source of sequence 15 
variation. All of thesem processes are facilitateing the identification of phylogenetically 16 
related species8,9. 17 
The COI gene ishas been effectively used for  species identification of avian species 18 
because of their high mutation rate that was enough to discriminate between 19 
species10,11,12. The mtDNA was believed in having has been considered to be 20 
advantageous because of their its faster nucleotide substitutions and does not allowing 21 
recombination10,13,14. The mitochondrial genome is maternally inherited, and the 22 
sequences of mtDNA have been extensively used in biodiversity studies of avian 23 
speciesAves 7,15,16. 24 
4 
 
Copepoda  evolution progresses much more slowly in the 18S rRNA gene, compared to 1 
that in the COI gene. Thus,  this region was potentially making it has been potentially 2 
considered as a more valuable markers for distinguishing the wider  range of  taxonomic 3 
levels from the intraspecies level untilto the family and order levels. The 18S 4 
rRNA  wais a large sub unit of eukaryotices ribosomal RNA and serves as the ribosome 5 
central component. This region wasis one of the most conserved genes in all cells, and 6 
theirits expression washas been proven in minor infections ofcaused by influenza A 7 
virus subtypes17. 8 
Research about the pPhylogenetic analyseis based on molecular characterization of the 9 
Tegal duck species, instead ofrather than searching thefor a stability product for  10 
designing breeding and conservation strategies for the Indonesian domestic ducks, will 11 
also will be of considerationhelpful in anticipating outbreaks and dispersionspread of 12 
avian influenza. Usually mMolecular identification of most of the members of the genus 13 
Anas werehas generally been performed using the COI mitochondrial gene; buthowever, 14 
since 18S rRNA  is asalso a reliable normalization gene onfor the detection of influenza 15 
viruses, thus it would be better if the molecular characterization need to beis performed 16 
withusing both these genetic markers. In this study, In determination ofthe phylogenetic 17 
relationships of the Tegal Dduck species are determined at the molecular level, by 18 
analyzing the variations in mtDNA and ribosomal DNA will be investigated.  19 
 20 
2. Materials and Methods 21 
2.1. Specimen Collection and DNA Extraction 22 
Tegal ducks of age 3 months were obtained from the Center of Breeding Poultry on 23 
Banyubiru Semarang, Department of Animal Husbandry and Animal Health, onin 24 
5 
Central Java Province, Indonesia. Tegal ducks was 3-month-old. DNA samples were 1 
extracted from the tissue samples of the Tegal wild ducks were extracted from tissue 2 
samples18. 3 
2.2. PCR Amplification and DNA Sequencing 4 
The Eextracted genomic DNA was used for the amplification of the COI gene in the 5 
mtDNA and 18S rRNA gene. The COI forward primer was : 5′-6 
TTCTCCAACCACAAAGACAT TGGCAC-3′, and the reverse primer was : 5′-7 
ACGTGGGAGA TAATTCCAAATCCTG-3′. Their product sizes will bewere about 8 
746 bp, respectively19. For Tthe 18S rRNA gene, will use a universal primer was used 9 
with the forward primer 5′’-GTAGTCATATGCTTGTCT- 3′’ and the reverse primer 10 
5′’-GCTGGC ACCACACTTGCCCT- 3′’. The PCR reaction for the COI gene was 11 
performed in a Mini Thermal Cycler (Eppendorf, Germany) with an initial denaturation 12 
step at 95°°C for 5 min, followed by 35 cycles of 30 sec at 95°°C for 30 s, 30 sec at 13 
54°°C for 30 s, 30 sec at 72°°C for 30 s, and a final extension step at 72°°C for 7 min. 14 
The reaction of PCR for the 18S rRNA gene was conducted with an initial denaturation 15 
step at 94°°C for 2 min, followed by 30 cycles of 1 min at 94°°C for 1 min, 1 min at 16 
55°°C for 1 min, 1 min at 72°°C for 1 min, and a final extension step at 72°°C for 2 17 
min. Purification and sequencing of the PCR products were performed on 1st Base 18 
Singapore using the Big Dye Terminator Cycle Sequencing Ready Reaction kit (v3.0, 19 
Applied Biosystems, CA, USA). 20 
2.3. Data Analysis 21 
For thedata analysis, published sequences of some members offrom the genus Anas 22 
were downloaded from the GenBank. Sequence data of the Dduck COI gene and 18S 23 
rRNA sequence data as listed oin Table 1. were aligned using the ClustalX program20. 24 
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To iIdentificationy of specific nucleotide variations of duck species and construction of 1 
the Nneighbor-Jjoining (NJ) phylogenetic tree waswere conducted by using MEGA 2 
software version 521. AlsoIn addition, nucleotide divergence, pair-wise distance using 3 
Kimura 2 parameter (K2P) model was calculated22.  4 
Table 1. The 18S rRNA and Mmitochondrial COI gene sequences of Anas species from 5 
GenBank used in this study 6 
Species Accession number 
A. platyrhynchos voucher NHMO-BC399  GU571240 
A. platyrhynchos  EU123318 
A. platyrhynchos isolate Moulard AF23  FJ416869 
A. platyrhynchos AF173614 
A. platyrhynchos D38362.1 
A. platyrhynchos EU009397 
A. platyrhynchos breed Beijing EU755252 
A. platyrhynchos breed Sichuan KX592536 
A. platyrhynchos breed Longsheng KJ739616 
A. platyrhynchos KJ778676 
A. platyrhynchos breed mallard EU755253 
A. platyrhynchos breed Xilin KJ833586 
A. platyrhynchos voucher DCB-WD1 KF992022 
A. platyrhynchos KJ883269 
A. platyrhynchos breed Rongshui KJ833587 
A. platyrhynchos KJ637997 
A. platyrhynchos KJ689447 
A. platyrhynchos breed Shaoxing HM010684 
A. platyrhynchos breed Jianchang FJ167857 
A. bahamensis FJ027081 
A. rubripes AY666221 
A. laysanensis JF498830 
A. superciliosa JN801396 
A. flavirostris  N01487 
A. crecca  GU571238 
A.nas laysanensis JF498830 
A. poecilorhyncha JN703235 
A. poecilorhyncha AY164517 
A. poecilorhyncha KC466567 
A. poecilorhyncha EU009397 
A. poecilorhyncha KF156760 
A. poecilorhyncha KF751616 
A A. poecilorhyncha JN793235 
A. fulvigula DQ432723 
A. georgica FJ027095 
7 
A. acuta GU571235 
A. carolinensis DQ434280 
A. rubripes AY666221 
A. laysanensis JF498830 
A. superciliosa JN801396 
A. flavirostris N01487 
A. crecca GU571238 
A. laysanensis JF498830 
1 
3. Results 2 
3.1. Amplification of 18S rRNA gene by Universal Primer 3 
 Figure 1 shows the products of the Tegal Dduck 18S rRNA amplification. The 4 
temperature annealing whichthat showed positive bands onat 55°C exhibited the best 5 
result of sequence results. Theose data confirmed that  the primer we choose in this 6 
researchstudy was suitable tofor amplifying the conserved region ofin the Tegal duck. 7 
The size of the PCR product of 18S rRNA fragment was about 485 bp. Theise 8 
sequences showed high homologies with  18S rRNA partial sequences of A. 9 
platyrhynchos (accession number EU123318.1) and A. platyrhynchos (accession 10 
number AF173614.1). 11 
12 
13 
14    1   2    3 
8 
1 
2 
Figure 1. The18S rRNA fragment of Tegal Dduck fragment (lane 1 = 18S rRNA 3 
fragment, lane 2 == 1- kb  4 
  DNA Lladder, lane 3 == 100- bp DNA Lladder). 5 
6 
Sequencing result of the PCR product of the Tegal Duck achieving partial fragment of 7 
18S rRNA gene of the Tegal duckand showing showed close homologies with those of 8 
A. platyrhynchos. Similarity analysis of the sequences wasis shown in  Figure 2.9 
Sequencing result of the PCR product of the Tegal Dduck achieving partial fragment of 10 
18S rRNA gene and showing close homologies with A. platyrhynchos. Sequence 11 
analysis of the 18S rRNA fragment with gene resources from GenBank showeds a close 12 
relationship of about 99% identitysimilarity between the Tegal Dduck and A. 13 
platyrhynchos (accession number. EU123318.1) from Saudi Arabia, A. platyrhynchos 14 
(accession. number AF173614.1) from the USA, and A. platyrhynchos (accession 15 
number D38362.1) from Ibaraki, Japan. Identity aAbout 98% similarity was also 16 
exhibited between Tegal Dduck withand A. platyrhynchos isolate Moulard AF23 17 
(accession number FJ416869.1), but only in the short region (data not shown). 18 
1000 bpb 
500 bpb 
1500 bpb 
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Homology analysis of the 18S rRNA sequences of Tegal dDuck and A. platyrhynchos 1 
identified 98% ˗ –99% similarity in the region. Analysis and comparison of the 2 
sequences ofn Tegal Dduck and both A. platyrhynchos species detectedidentified 6six 3 
SNPs (Ssingle nucleotide polymorphisms) and one deletion in the conserved 18S rRNA 4 
region. The transition and transversion mutations can be seen in Figure 2 accomplished 5 
with deletion inat position 403 bp.  6 
                           *        20         *        40                                                 7 
A.plathyEU123318: CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 8 
A.plathyAF173614: CCATGCATGTGTAAGTACACACGGGCGGTACAGTGAAACT : 45 9 
Tegal Duck      : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 10 
 11 
                           *        60         *        80         12 
A.plathyEU123318: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 13 
A.plathyAF173614: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 85 14 
Tegal Duck      : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 15 
                   16 
                           *       100         *       120       17 
A.plathyEU123318: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 18 
A.plathyAF173614: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 125 19 
Tegal Duck      : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 20 
 21 
                           *       140         *       160               22 
A.plathyEU123318: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 160 23 
A.plathyAF173614: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 165 24 
Tegal Duck      : TAATACATGCTGACGAGCGCCGACCTCCGGGGACGCGTGC : 160 25 
                   26 
                           *       180         *       200       27 
A.plathyEU123318: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 183 28 
A.plathyAF173614: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 187 29 
Tegal Duck      : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 183 30 
 31 
                           *       220         *       240          32 
A.plathyEU123318: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 241 33 
A.plathyAF173614: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 245 34 
Tegal Duck      : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 241 35 
                   36 
                          *       260         *       280          37 
A.plathyEU123318: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 281 38 
A.plathyAF173614: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 285 39 
Tegal Duck      : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 281 40 
                   41 
                          *       300         *       320       42 
A.plathyEU123318: TTCGATGGTAGTGTCTGTGCCTACCATGGTGACCACGGGTA: 322 43 
A.plathyAF173614: TTCGATGGTACTGTCTGTGCCTACCATGGTGACCACGGGTA: 326 44 
Tegal Duck      : TTTGATGGTAGTGTCTGTGCCTCCCATGGTGACCACGGGTA: 322 45 
                   46 
10 
* 340 * 3601 
A.plathyEU123318: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 3632 
A.plathyAF173614: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 3673 
Tegal Duck : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 363 4 
5 
* 380 * 4006 
A.plathyEU123318: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 4047 
A.plathyAF173614: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 4088 
Tegal Duck : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 404 9 
10 
* 420 * 44011 
A.plathyEU123318: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 44512 
A.plathyAF173614: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 44913 
Tegal Duck : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 445 14 
15 
* 460 * 48016 
A.plathyEU123318: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:48517 
A.plathyAF173614: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:48918 
Tegal Duck : ACAGGACTCTTTCGAGGCCCAGTAATTG-AATGAGTCCACT:484 19 
20 
Figure 2. Comparison of 18S rRNA sequences of of  Tegal duck and the interspecies A. 21 
plathyrynchos., oOrange box indicates their transition mutation, and blue box 22 
forindicates transversion mutation. 23 
3.2 Amplification of Tegal Duck COI gGene 24 
The amplification products of the Tegal Dduck’s COI partial fragment of the COI gene 25 
are shown in  Figure 3. The best temperature annealing achieved positive bands was 26 
showed at 55°C. The sequences analysis of the PCR product resulted partially of 27 
mitochondrial COI gene of Anas around 751 bp. 28 
29 
30 
31 
32 
33 
34 
35 
500 b p  
10 00 bp  
1500 b p  
  1      2   
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Figure. 3. The COI gene fragment of Tegal dDuck fragment (lane 1 == 100- bp DNA 1 
Lladder, 2 ==     2 
                 COI gene fragment). 3 
The COI gene fragment as a barcode sequence from the Tegal duck is then compared 4 
with a library of reference barcode sequences  collected onfrom GenBbank, which 5 
washas been derived from individuals of known identity. This COI gene fragment was 6 
showed 99% similarityies in theirits sequences with A. poecilorhyncha and A. 7 
plathyrhyncos. Homology analysis revealed that the Tegal Dduck shared a common 8 
ancestor with  A. poecilorhyncha and A. plathyrhyncos, as illustrated on its cladogram 9 
(Figure 4).   10 
 11 
Figure 4. Cladogram of COI gene fragment displaying the evolutionary relationship of  12 
Tegal  Dduck with A. plathyrhynchos and A. poecilorhyncha.  13 
 14 
 A.poecilorynchaKC466567
 A.plathyrhynchosEU009397
 A.plathyrhynchosBeijingEU755252
 A.plathyrhynchosSichuanKX592536
 A.plathyrhynchosLongshengKJ739616
 A.plathyrhynchosKJ778676
 A.plathyrhynchosmallardEU755253
 A.plathyrhynchosXilinKJ833586
 A.plathyrhynchosDCBWD1KF992022
 A.plathyrhynchosKJ883269
 A.plathyrhynchosRongshuiKJ833587
 A.plathyrhynchosKJ637997
 A.plathyrhynchosKJ689447
 A.plathyrhynchosShaoxingHM010684
 A.plathyrhynchosJianchangFJ167857
 A.poecilorynchaKF751616
 A.poecilorynchaKF156760
 Tegal Duck
 A.superciliosaJN801396
64
61
82
12 
Similarity analysis of  the COI gene fragment with length 751- bpase pair length 1 
revealed that the Tegal Dduck compared with  some A. plathyrhynchos species had 2 
several base substitutions as detailed byin Table 2. The difference ofbetween A. 3 
plathyrhynchos withand A. poecilorhyncha werewas the position of the COI gene in the 4 
complete genome mitochondrial genome. The A. plathyrhynchos COI gene consistently 5 
stayed inat position 6476–-7225,. Meanwhile,whereas the A. poecilorhyncha COI gene 6 
exhibited several positions like insuch as 5426 – 6175 for A. poecilorhyncha (accession. 7 
number KF156760.1) and A. poecilorhyncha (accession. number KC466567.1), 8 
whilebut other in positions at 6476–-7225 for A. poecilorhyncha (accession. number 9 
KF751616.1). 10 
Table 2. Base subtitution in Tegal Duck COI fragment comparing with several A. 11 
plathyrhynchos and A. poecilorhyncha  12 
13 
Table 2. Base substitutions in the Tegal Dduck COI gene fragment compareding with 14 
those of several A. plathyrhynchos and A. poecilorhyncha species 15 
Tegal Dduck and A. 
plathyrhynchos 
Tegal Dduck and A 
poecilorhyncha 
Position of base 
substitution 
7 (T→A), 12 (C→T), 24 
(T→C), 27 (C→T), 732 
(T→C), 739 (T→A), 740 
(T→C, 744 (C→A) 
7 (T→A), 12 (C→T), 24 
(T→C), 732 (T→C), 739 
(T→A), 740 (T→C), 744 
(C→A) KF156760, KF751616, 
27 (C→T) KC466567,  
Position of base 
substitution 
7 (transversion), 12 (transition), 
24 (transition), 27 (transition), 
732 (transition), 739 
(transversion), 740 (transition), 
744 (transversion) 
7 (transversion), 12 (transition), 
24 (transition), 27 (transition), 
732 (transition), 739 
(transversion), 740 (transition), 
744 (transversion) 
Position of base 
insertion 
746 (C→−) 746 (C→−) 
16 
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Further analysis also revealed 99% ˗ –100 % similarity in the COI region of Tegal 1 
Dduck with COI gene with the mitochondrial COI gene of other members of the Anas 2 
genus. Analysis and comparison of 751 sequences length of  the Tegal Dduck 3 
mitochondrial COI gene with those of some A. platyrhynchos and Tegal Dduck species 4 
on Figure 5. showed that there was one base substitution as a transtition mutation 5 
(Figure 5). A. poecilorhyncha also exhibited the same number.  The transition mutation 6 
can be seenobserved inat base positions 1 and 624, and the transversion mutation was 7 
exhibited in observed at base positions  147 and 648. In contrast, we dodid not find any 8 
differences between the sequences from Tegal Dduck withand those from A. 9 
poecilorhyncha. An extensive analysis based on mtDNA sequence revealed 10 
varietisvariations within and among this described species. As previously showned in 11 
Figure 4, Tegal Dduck sequences were similar withto those of A.  plathyrhyncos and A.  12 
poecilorhynca. It meansThis implies that it was genetically close to two duck breeds, 13 
Mmallard and Sspot-billed. We also found similarities with some close relationship 14 
among domestic ducks in the nucleotide of the COI gene. They exhibited variations in 15 
this region, all with respect to interspecies in the genus Anas. In all the COI gene 16 
fragments, the rate of transition iswas higher than the rate of transversion. Following 17 
these above results, the analysis and comparison of 751 sequences length of the Tegal 18 
Dduck mitochondrial COI gene with those of selected A. platyrhynchos and A. 19 
poecilorhyncha on Figure 4. showed that there was one base substitution as a transtition 20 
mutation (Figure 4).  21 
Similarity analysis of the COI gene fragment with other COI genes in Figure 5. showed 22 
that there was one base substitution inat position 217 between COI and make one 23 
transition of amino acid (Figure 5). Interestingly,  A. poechyilorhyncha showed two  24 
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base substitutions inat positions 246 and 698. Both of them resulted from a 1 
synonyimous codon. This result research madecreates a bias in the ratio of the number 2 
of transitions to the number of transversions substitution becomes bias. 3 
The amino acid translation of COI bases also showed the characteristic of the 4 
mitochondrial  genetic code, whichwherein codon AUA is used for encodesing 5 
methionine. An extensive analysis of the levels of mtDNA sequence divergence was 6 
performed within and among this described species. Theseis changes showed the 7 
characteristic of the mitochondrial  genetic code, whichwherein codon AUA is used for 8 
encodesing methionine. Furthermore, it is also showed that codon UGA codes for a 9 
tryptophan,  which is usually a termination codon. The nucleotide frequencies are A = 10 
24.06%, T/U =  22.38%, C =  36.39%, and G =  17.17%. 11 
 12 
                       *        20         *        40         *        60                   13 
A.plaGU571240:--..........................................................: 58 14 
Tegal Duck   :cacaaagacattggcactctatac....................................: 60 15 
A.poeKF751616:...........C................................................: 43 16 
A.laysanensis:-----------------...........................................: 43 17 
A.rubripes   :-------------------.................A.......................: 41 18 
A.flavirostri:...........C.............................G..T...............: 60 19 
A.crecca     :.................C..........................................: 60  20 
A.carolinensi:---------------.............................................: 45 21 
A.acutaGU5   :------------........G.......................................: 48 22 
A.bahamensis :------------------..........................................: 42 23 
A.georgica   :------------------..........................................: 42 24 
A.supercilio :-----------------------------------------------------------.: 1 25 
A.fulvigulari:-----------------...........................................: 43 26 
                                       cttatcttcggggcatgagccggaataattggcacA       27 
                                        L  I  F  G  A  W  A  G  M  I  G  T   28 
 29 
 30 
                       *        80         *       100         *       120              31 
A.plaGU571240:............................................................:118 32 
Tegal Duck   :............................................................:120 33 
A.poeKF751616:............................................................:103 34 
A.laysanensis:..........................G..G..............................:103 35 
A.rubripes   :..........................G.................................:101 36 
A.flavirostri:...........G..A.....C..............A........................:120 37 
A.crecca     :.....T..............C..............A.....A..................:120  38 
A.carolinensi:...........G..A.....C..............A.....A..................:105 39 
A.acutaGU5   :....................C....................A........A.........:108 40 
A.bahamensis :............T.......C....................A..................:102 41 
A.georgica   :..............A.....C....................A..................:102 42 
A.supercilio :............................................................: 61 43 
A.fulvigulari:..........................G.................................:103 44 
15 
 
              GCACTcAGCCTacTgATCCGgGCAGAaCTaGGCCAgCCAGGgACCCTCCTgGGCGACGAC       1 
                A  L  S  L  L  I  R  A  E  L  G  Q  P  G  T  L  L  G  D  D  2 
 3 
                       *       140         *       160         *       180              4 
A.plaGU571240:............................................................:178 5 
Tegal Duck   :............................................................:180 6 
A.poeKF751616:............................................................:163 7 
A.laysanensis:............................................................:163 8 
A.rubripes   :............................................................:161 9 
A.flavirostri:...................................T.................A......:180 10 
A.crecca     :........C.....A...........C........T.......................A:180 11 
A.carolinensi:........C.....A...........C........T........................:165 12 
A.acutaGU5   :........C..........................T...........T............:168 13 
A.bahamensis :........C.................C..T.....T...........T............:162 14 
A.georgica   :...................................T...........T............:162 15 
A.supercilio :............................................................:121 16 
A.fulvigulari:...........................................................A:163 17 
               CAAATTTAtAACGTgATCGTCACCGCtCAcGCCTTcGTAATAATCTTcTTCATgGTAATg       18 
                Q  I  Y  N  V  I  V  T  A  H  A  F  V  M  I  F  F  M  V  M   19 
 20 
                         *       200         *       220       *       240                     21 
A.plaGU571240:............................................................:238 22 
Tegal Duck   :............................................................:240 23 
A.poeKF751616:............................................................:223 24 
A.laysanensis:............................................................:223 25 
A.rubripes   :.................................A..........................:241 26 
A.flavirostri:..............G..A..T.........C..........A..................:240 27 
A.crecca     :........G........A..............A........A........C.....T...:240 28 
A.carolinensi:.................A..............A........A..G...............:225 29 
A.acutaGU5   :..............G..A.......................A..................:228 30 
A.bahamensis :.................A.......................A........C.........:222 31 
A.georgica   :..T..............A..........................................:222 32 
A.supercilio :............................................................:181 33 
A.fulvigulari:............................................................:223 34 
               CCcATCATaATTGGaGGgTTcGGCAACTGAtTggTCCCCCTgATaATCGGtGCCCCcGAC       35 
                P  I  M  I  G  G  F  G  N  W  L  V  P  L  M I  G  A  P  D   36 
 37 
                       *       260         *       280         *       300               38 
A.plaGU571240:............................................................:298 39 
Tegal Duck   :............................................................:300 40 
A.poeKF751616:............................................................:283 41 
A.laysanensis:............................................................:283 42 
A.rubripes   :............................................................:301 43 
A.flavirostri:............................................G..G...........A:300 44 
A.crecca     :...........................................................C:300 45 
A.carolinensi:....................T.......................C...............:285 46 
A.acutaGU5   :............................................................:288  47 
A.bahamensis :............................................................:282 48 
A.georgica   :............................................................:282 49 
A.supercilio :............................................................:241 50 
A.fulvigulari:............................................................:283                   51 
               ATaGCATTCCCACGAATAAAcAACATAAGCTTCTGACTCCTCCCaCCaTCATTCCTCCTt  52 
                M  A  F  P  R  M  N  N  M  S  F  W  L  L  P  P  S  F  L  L   53 
               54 
                       *       320         *       340         *       360                                 55 
A.plaGU571240:......................................G.....................:358 56 
Tegal Duck   :......................................G.....................:360 57 
A.poeKF751616:......................................G.....................:343 58 
A.laysanensis:....................................A.A.....................:343 59 
A.rubripes   :....................................A.A.....................:361 60 
A.flavirostri:.................C.................CA.A...........G........C:360 61 
A.crecca     :..............T..C...........G..C...A.A...........G........C:360 62 
A.carolinensi:..............T.................C...A.A..A........G........C:365 63 
A.acutaGU5   :.....T.................G..C.....C..CA.A...........G.....G..C:348 64 
A.bahamensis :.....T.................G..C.....C..CA.A...........G........C:342 65 
16 
A.georgica   :.....T........T...........C.....C..CA.A...........G.....G..C:342 1 
A.supercilio :....................................A.A.....................:301 2 
A.fulvigulari:....................................A.A.....................:343 3 
CTACTcGCCTCATCcACtGTAGAaGCtGGcGCtGGtAC GGtTGAACCGTaTACCCaCCt4 
L  L  A  S  S  T  V  E  A  G  A  G  T  G  W  T  V  Y  P  P   5 6 
* 380 * 400 * 4207 
A.plaGU571240:............................................................:4188 
Tegal Duck   :............................................................:420 9 
A.poeKF751616:............................................................:40310 
A.laysanensis:............................................................:40311 
A.rubripes   :............................................................:421 12 
A.flavirostri:..............G.................G..A........................:420 13 
A.crecca :..............G....................A.....A...........C......:420 14 
A.carolinensi:..............G....................A.....A...........G......:425 15 
A.acutaGU5   :..............G...........G........A........C...........C...:408 16 
A.bahamensis :..............G....................A........C...........C...:402 17 
A.georgica   :..............G.................G..A........C...........C...:402 18 
A.supercilio :............................................................:361 19 
A.fulvigulari:............................................................:40320 
CTAGCAGGCAACCTaGCCCACGCCGGaGCCTCaGTgGACCTgGCtATCTTCTCaCTtCAC21 
L  A  G  N  L  A  H  A  G  A  S  V  D  L  A  I  F  S  L  H 22 23 
* 440 * 460 * 48024 
A.plaGU571240:.....T......................................................:478 25 
Tegal Duck   :.....T......................................................:480 26 
A.poeKF751616:.....T......................................................:463 27 
A.laysanensis:.....C......................................................:463 28 
A.rubripes   :.....C......................................................:481 29 
A.flaviros   :..A..C......................................................:480 30 
A.crecca :..A..C....................G.................................:480 31 
A.carolinensi:..A..C....................G.....................G...........:485 32 
A.acutaGU5   :..A..C...................................C...........T......:438 33 
A.bahamensis :..A..C.............................T.....C...........T......:462 34 
A.georgica   :..A..C.............................T.....C...........T......:462 35 
A.supercilio :.....C......................................................:421 36 
A.fulvigulari:.....C......................................................:463 37 
CTgGC GGTGTCTCCTCCATCCTCGGaGCCATTAAcTTCATtACCACaGCCATcAACATA38 
L  A  G  V  S  S  I  L  G  A  I  N  F  I  T  T  A  I  N  M   39 40 
* 500 * 520 * 54041 
A.plaGU571240:............................................................:53842 
Tegal Duck   :............................................................:540 43 
A.poeKF751616:............................................................:52344 
A.laysanensis:............................................................:52345 
A.rubripes   :............................................................:541 46 
A.flavirostri:.........................................T.....G............:540 47 
A.crecca :.........T..........G..........................G............:540 48 
A.carolinensi:....................G.......................................:545 49 
A.acutaGU5   :.......................T.....A.....C...........G............:528 50 
A.bahamensis :....................G..T...........C........................:522 51 
A.georgica   :.......................T...........C........................:522 52 
A.supercilio :............................................................:481 53 
A.fulvigulari:............................................................:52354 
AAACCCCCcGCACTCTCACAaTAcCAAACcCCACTtTTCGTcTGATCaGTCCTAATTACC55 
k  P  P  A  L  S  Q  Y  Q  T  P  L  F  V  W S  V  L  I  T   56 57 
* 560 * 580 * 60058 
A.plaGU571240:............................................................:59859 
Tegal Duck   :............................................................:600 60 
A.poeKF751616:............................................................:58361 
A.laysanensis:............................................T...............:583 62 
A.rubripes   :............................................................:601 63 
A.flavirostri:........A.........................................A...T.....:600 64 
A.crecca :........A..................T................................:600 65 
17 
A.carolinensi:...............................................G............:605 1 
A.acutaGU5   :......................................................T.....:588 2 
A.bahamensis :..T.........................................................:582 3 
A.georgica   :............................................................:582 4 
A.supercilio :............................................................:541 5 
A.fulvigulari:............................................................:5836 
GCcATCCTgCTCCTCCTATCACTCCCcGTCCTCGCCGCCGGCATcACaATgCTAcTAACC7 
A  I  L  L  L  L  S  L  P  V  L  A  A  G  I  T  M  L  L  T 8 9 10 
* 620 * 640 * 66011 
A.plaGU571240:............................................................:65812 
Tegal Duck   :............................................................:660 13 
A.poeKF751616:............................................................:64314 
A.laysanensis:............................................................:64315 
A.rubripes   :..................T.........................................:661 16 
A.flavirostri:.............................C..C........A..................:660 17 
A.crecca :.............................C..C........A..................:660 18 
A.carolinensi:.............................C..C..T.....A.................T:665 19 
A.acutaGU5   :.............................C..C........A.....T........A...:648 20 
A.bahamensis :...........G.................C..C........A..............A...:642 21 
A.georgica   :.............................C..C........A..................:642 22 
A.supercilio :............................................................:601 23 
A.fulvigulari:..................T......................A..................:643 24 
GACCGAAACCTaAACACcACATTCTTTGAtCCtGCcGGAGG GGAGAcCCAATCCTgTAc25 
D  R  N  L  N  T  T  F  F  D  P  A  G  G  G  D  P  I  L  Y   26 27 
67028 
A.plaGU571240: .................. : 676 29 
Tegal Duck   : .................. : 678 30 
A.poeKF751616: .................. : 661 31 
A.laysanensis: ..G............... : 661 32 
A.rubripes   : ..G............... : 679 33 
A.flavirostri: .................. : 678 34 
A.crecca : .................. : 678 35 
A.carolinensi: ..G............... : 683 36 
A.acutaGU5   : ..G............... : 666 37 
A.bahamensis : ..G............... : 660 38 
A.georgica   : ..G............... : 660 39 
A.supercilio : .................. : 619 40 
A.fulvigulari: ..G......--------- : 652 41 
CA CACCTAttttgattc42 
Q  H  L  F  W  F  43 
Figure 5. Similarity analysis of the COI gene fragment of Tegal Dduck compared with 44 
other members of the genus Anas member . 45 
46 
The Maximum Likelihood for base substitution wasAs showned in Table 3,. Tthe 47 
Mmaximum Llikelihood Eestimation of Ttransition/Ttransversion bias (R) for all of the 48 
Ssequences is 15.30. 49 
50 
Table 3. Maximum Llikelihood Eestimate of Ssubstitution Mmatrix 51 
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 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
Note : The probability of substitution (r) from one base (row) to another base (column). 12 
Rates of different transversional substitutions are shown in italics and those of 13 
transitional substitutions are shown in bold.  14 
3.3   Phylogenetic Analysis 15 
Results of Tthe phylogenetic tree analysis result amongof the members of the Anas 16 
genus asare illustrated in Figure 6., As shown in the figure, showed that the domestic 17 
Tegal duck from Indonesia as domestic duck iscould more possiblye asbe a hybrids 18 
mixed withof A. plathyrhynchos (Mmallard) from Scandinavia (accession number: 19 
GU571240) and A. poecilorhyncha (Indian Sspot-billed ducks) from China (accession 20 
number: KF751616), in beingas they are found together into a monophyletic cluster in 21 
their phylogenetic tree.  22 
 23 
  A T/U C G 
A - 0.65 1.05 24.06 
T/U 0.70 - 22.55 0.50 
C 0.70 13.87 - 0.50 
G 33.72 0.65 1.05 - 
19 
 
 1 
Figure 6. Phylogenetic evolutionary  tree of the COI gene displaying the evolutionary  2 
relationship of  Tegal  Dduck within a lineage shared by other members of Anas 3 
species. The scale bar in the upper right represents 0.05 substitutions per 4 
nucleotide site. 5 
 6 
This result is also supported by adequate bootstrap value of about  94%. (Tthe number 7 
of bootstrap replications was 1000). The phylogenetic tree was constructed by using the 8 
Jukes-–Cantor model. This research result showed that Tegal dDuck relation with A. 9 
platyrhynchos and A. poecilorhyncha according to  COI gene compareding with other  10 
duck species weare well separated using the COI gene in mtDNA. 11 
 12 
Table 4. Codon usage in the COI gene fragment of Tegal dDuck 13 
  14 
 15 
Codon Count RSCU Codon Count RSCU Codon Count RSCU 
UUU(F) 3.2 0.39 UCU(S) 0.4 0.18 UAU(Y) 1.8 0.63 
UUC(F) 13 1.61 UCC(S) 3.2 1.55 UAC(Y) 4 1.37 
UUA(L) 1.2 0.2 UCA(S) 6.5 3.09 UAA(*) 0 0 
A. 
Tegal Dduck 
A. plathyrhynchosGU571240 
A. poecilorhynchaKF751616 
940 
880 
A. fulvigulaDQ432723 
A. rubripesAY666221 
A. laysanensisJF498830 
539 
603 
560 
A. crecca 
A. carolinensisDQ434280 
A. acutaGU571235 
A. bahamensisFJ027081 
A. georgicaFJ027095 
841 
981 
989 
1000 
459 
A. flavirostris 
0.005
20 
 
UUG(L) 0.9 0.15 UCG(S) 0.5 0.22 UAG(*) 0 0 
CUU(L) 3.6 0.58 CCU(P) 1.5 0.36 CAU(H) 0.1 0.03 
CUC(L) 13.2 2.09 CCC(P) 6.7 1.63 CAC(H) 5.2 1.97 
CUA(L) 12.5 2 CCA(P) 8 1.94 CAA(Q) 3.5 1.41 
CUG(L) 6.2 0.99 CCG(P) 0.3 0.07 CAG(Q) 1.5 0.59 
AUU(I) 6.7 0.7 ACU(T) 1.4 0.38 AAU(N) 0.2 0.05 
AUC(I) 13.9 1.46 ACC(T) 8.1 2.23 AAC(N) 8.9 1.95 
AUA(I) 8 0.84 ACA(T) 4.7 1.3 AAA(K) 1.3 2 
AUG(M) 2.9 1 ACG(T) 0.3 0.09 AAG(K) 0 0 
GUU(V) 0.1 0.02 GCU(A) 3.4 0.57 GAU(D) 0.6 0.17 
GUC(V) 6.8 2.1 GCC(A) 14.5 2.45 GAC(D) 6.7 1.83 
GUA(V) 4.2 1.31 GCA(A) 5.8 0.98 GAA(E) 2.5 1.74 
GUG(V) 1.8 0.57 GCG(A) 0 0 GAG(E) 0.4 0.26 
UGU(C) 0 0 CGU(R) 0.2 0.29 AGU(S) 0 0 
UGC(C) 0 0 CGC(R) 0.5 0.88 AGC(S) 2 0.96 
UGA(*) 5.8 3 CGA(R) 2 3.8 AGA(R) 0 0 
UGG(W) 0.1 1 CGG(R) 0.5 1.02 AGG(R) 0 0 
GGU(G) 3.5 0.6 GGA(G) 7.8 1.36    
GGC(G) 8.7 1.51 GGG(G) 3 0.52    
 1 
Values are based on all protein-coding genes of COI in the Anas mitochondrial 2 
sequence. () AA, one-letter code for amino acid; count, number of codons; RSCU, 3 
relative synonymous codon usage (calculated as the observed frequency of a codon 4 
divided by its expected frequency under the assumption of equal codon usage, *, stop 5 
codons.  6 
 7 
4. Discussion 8 
Nuclear and mitochondrial genomes wereare regarded as a veryhighly promising to 9 
serve as a model offor studying genome evolution and resolving the ancient patterns of 10 
21 
the evolutionary history of birds. The sequencing results of the PCR products followed 1 
by similarity analysis offor the Tegal Dduck and showeding close homologies with 2 
those of the 18S rRNA gene of A. platyrhynchos. BothThe 18S rRNA sequences of both 3 
Tegal Dduck and A. platyrhynchos exhibited conserved regions between sequences, 4 
which suggested that this sequence was well conserved in the 18S rRNA of A. 5 
platyrhynchos. A. platyrhynchos was grouped with A. poecilorhyncha dan having 6 
0.0047% divergent23. This result also supported that the region which having that is 7 
highly conserved among intra-species,  such as the 18S rRNA genes, with similarities 8 
close to 100% could be used for species-level analyses in the case of Ccopepodse10. 9 
Similarity analysis also achievedrevealed the number of base substitutions between the 10 
Tegal duck and  in A. platyrhynchos, with thea transition mutation in three base 11 
positions and a transversion mutation in three base positions,  thatwhich can be used to 12 
distinguish intraspecies. The substitution at the nitrogen bases causes a mismatch in the 13 
sequence, and there is turnover among the same base pairs (transitions) and the base 14 
pairs with hisits opponent (transversion). 15 
The principal problem of evolution in the nuclear and mitochondrial genomes is a 16 
mutation that changes the genes. Gene or DNA sequence with a mutation will cause 17 
nucleotide substitution that might be spread into the population by natural selection and 18 
genetic drift and sometimes be fixed in a species. This character will be inherited into 19 
their descendant species if the mutated gene produces new morphological or 20 
physiological characters24. Single nucleotide can also caused polymorphisms in RNA 21 
that will exhibit  genetic differences between individuals and having thehave an 22 
important function when the mutation was foundoccurs in a specific region. A mutation 23 
in the 18S rRNA was theis a heritable change in the DNA sequence whichthat may, or 24 
Commented [Editor6]: Remark: Please clarify the intended 
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22 
may not, potentially affect the phenotype of the organism, since the mutations are a very 1 
important in makingproducing genetics variations. These genes can influence the 2 
characteristics of an organism. Changes in any part of the environment could affecting 3 
make the organism extinct. A Mmutation in the rRNA molecules can also affect the 4 
control of protein synthesis, thatwhich determines the complementary base-pairing 5 
between mRNA and rRNA molecules. This regulatory adaptations was important in 6 
gettingachieving more efﬁefficient and fastrapid translation since  the early time of 7 
evolution25. Consideration of The point mutation in the 18S rRNA of the Tegal dDuck 8 
becameis very important since A. platyrhynchos was  proven to be one of the most 9 
potential avian species that bringharbors the Aavian Iinfluenza virus in theirits body. 10 
However, infections onrelated to housekeeping genes with several avian influenza 11 
viruses have showned that the 18S rRNA is the most stable reference gene19. 12 
Similarity analysis of the COI gene fragment with a length of 751 bp showed that the 13 
Tegal Dduck  had several base substitutions almost in the same position with as that in 14 
some A. plathyrhynchos and four A. poecilorhyncha species. One species of A. 15 
platyrhynchos from Scandinavia (accession number. GU571240.1) showed different 16 
characters compareding with all A. platyrhynchos species that are homologous to the 17 
Tegal duck, which havinghas some nucleotide substitutions as depicted in Table 2.  The 18 
Mmaximum Llikelihood Eestimation of the Ttransition/Ttransversion bias (R) for all of 19 
the Ssequences is 15.30, whichs was still within athe range for mitochondrial mtDNA24. 20 
The Pprobability level of transition iswas greater than that of transversion, indicatinges 21 
that the changes in the COI gene of the Tegal duck can be a silent mutation, and 22 
therefore does not significantly alter the genes to ensure its taxon atin the Anas group. 23 
The probability of Ttransition substitution probabilities iswas higher than that of 24 
23 
 
transversion substitution, whichwherein the substitution of adenine intowith guanine 1 
and vice versa reachwas the greatest.  This is affected by the similarity of their 2 
molecular structure. Therefore, the probability is smaller for transversion substitution, 3 
which is caused by the purine and pyrimidine nucleotides that haves a different larger 4 
molecular structure24.  5 
The COI region of A. platyrhynchos from Scandinavia (accession number. 6 
GU571240.1) with a length of 724 bp of was veryhighly similar withto that of the Tegal 7 
Dduck. Furthermore, A. poecilorhyncha from China showed several different characters 8 
in base composition in their COI gene fragments among intraspecies as ehexhibited by 9 
different positions in the cladogram tree (Figure 5). This position showed 10 
indicationindicated that some A. plathyrhynchos and A. poecilorhyncha species was 11 
breed and havinghad somea descendant that gainingpossessing both of their both 12 
characters, whilewhereas others still save theretained the dominant character originally 13 
character of from A. poecilorhyncha itself.  The Tegal duck showed the a unique 14 
character that instead have rather than the dominant character of A. plathyrhynchos,  15 
itsand it also gaininggained the original character of A. poecilorhyncha. This result 16 
strongly implicatedimplied that the domestic Tegal ducks from Indonesia as domestic 17 
duck may have ancestor ancestral A. platyrhynchos and A. poecilorhyncha species. 18 
Results of Tthe phylogenetic tree analysis result amongof the members of the Anas 19 
genus as illustrated in Figure 6, showed that the domestic Tegal duck from Indonesia as 20 
domestic duck iscould more possiblye asbe a hybrids mixed of with A. plathyrhynchos 21 
(mMallard) from Scandinavia (accession number: GU571240.1) and A. poecilorhyncha 22 
from China (accession number. KF751616), in beingas they are found together into a 23 
monophyletic cluster in their phylogenetic tree. This result was also supported by 24 
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adequate bootstrap value of about  94%. (Tthe number of bootstrap replications was 1 
1000). The phylogenetic tree was constructed by using the Jukes–-Cantor model. This 2 
result morehighly supported that the Tegal Dduck had a close relationship with A. 3 
platyrhynchos and A. poecilorhyncha according to  based on the analysis of the COI 4 
gene in comparisong with other  duck species. The sameA similar result was showned 5 
onfor the Korean duck which derived from mMallard (A. platyrhynchos) and the Sspot-6 
billed ducks (A. poecilorhyncha)6. However, another researcher  said study reported that 7 
based on their mitochondrial mtDNA, the domestic Korean ducks were originated from 8 
A.nas platyrhynchos5. Some South and East Asian Dducks may live in areas with 9 
suitable food and habitat because they are both migratory birds and haveing 10 
characteristics by which they that make themcan be easily to domesticated26. Hybrids 11 
from  Mmallards withand Sspot-billed Dducks, often appear in natural habitats, which 12 
makes it difficult to group most of the domestic ducks are difficult to make a group 13 
using genetic markers becauseas they share these wild duck ancestors. 14 
Similarity analysis of the COI gene sequences of the Tegal Dduck in comparison with 15 
the mitochondrial COI gene on the mitochondrial gene of other members of the Anas 16 
genus identified 99% ˗ –100 % valuesimilarity in their COI region. These results 17 
exhibited littlefew diversities among A. platyrhynchos in their interspecies sequences 18 
itself. This result was achieved by acould be justifiedcation by the fact that mtDNA 19 
invertebrate mtDNA is maternally inherited, nonrecombining, and effectively haploid7.   20 
The theory of Eevolutionary theory assumes that mutations are random because of their 21 
adaptive value. For example, some nucleotides are more mutable than others. The COI 22 
regions generally have high transition/transversion ratios of mutation and are more 23 
significant in closely- related species. Nucleotide substitution with a transition bias in is 24 
25 
 
a common phenomenon in animal mtDNA of an animal. The factors contributing to a 1 
transition bias was the spontaneous mutation rate involving a transitional and  2 
transversional change,; which also purifiesying selection on protein-coding genes. 3 
Purified selection will can aid in toleratinge synonymous mutations and eliminatinges 4 
nonsynonymous mutations27. Transition mutations are performed at the occur at a 5 
higher frequency  than that of transversions mutations. Transitions are less likely to 6 
result in amino acid substitutions caused by wobble, and are therefore more likely to be 7 
known considered as silent substitutions in populations24.  8 
Mainly tThe Ggenus Anas is primarily derived from Mmallard ducks. AlsoMoreover, 9 
the evolution of Anas species was is a dominant factor that affects  the production of 10 
hybrid ducks28,29. Based on the research results for the COI gene, there was no 11 
significant difference between Tegal Dduck, Mmallard, and the Sspot-billed duck. The 12 
COI fragment of Tegal duck  showeding 100% homologyies with A.nas platyrhynchos 13 
voucher NHMO-BC399 (GenBank accession number GU571240), that was a 14 
Scandinavian birds from the trans-Atlantic species30. Thise result showed indicatedion 15 
that the Tegal duck was originated from migrating wild ducks. Our phylogenetic 16 
analysis also supported the results that the Mmallard and Sspot-billed duck breeds are 17 
not separated. Results of the Pphylogenetic evolutionary  tree analysis of the COI gene 18 
is supported the phylogenetic analysis result using 18S ribosomal rRNA, which showed 19 
that the Tegal Dduck is a descendanted fromof a common ancestor which wereof A. 20 
platyrhynchos and A. poecilorhyncha.  This result was fit is in agreement with another 21 
researchers study in grouped A. platyrhynchos with A. poecilorhyncha dan having 22 
0.0047% divergent23. This result was further analyzedsis further by amino acid analysis 23 
of COI gene from the members of the Anas genus. Tree construction for a closely 24 
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related gene using DNA sequences would be better than using proteins because toit 1 
avoids any silent substitution that is phylogenetically informative.  These COI regions 2 
generally have the highest transition/transversion ratios and are more significant in 3 
closely- related species. From the As shown in Table 3, we have demonstratedshowed 4 
the frequencies of different codons for the same amino acid. The use ofUsing multiple 5 
codons for encoding a particular amino acid was causesd by redundancy of the genetic 6 
code. In Ggeneral,ly, the percentage of amino acids on the COI gene fragment wasis 7 
dominated by alanine (14.5%), followed by isoleuscine (13.9%) and leucine and 8 
glyiscine (13.2%). Codon usage patterns in Anas COI gene fragment are shown in Table 9 
3. In Ggeneral,ly the percentage of amino acids on the Anas COI gene fragment on Anas 10 
was dominated by leucine (15.4% ˗ –16.4%), followed by alanine (9.8%– ˗ 11.1%), 11 
glisycine (9.4%– ˗ 10.5%), and isoleuscine (8.3%– ˗ 9.1%) (data not shown). Tegal 12 
duck also showed the same result in which the most frequently used amino acid was 13 
Lleucine (16.2%), followed by Aalanine (11.11%), Gglycine (9.72%), and Iisoleucine 14 
(8.33%). For amino acids with four-fold degenerate third positions, we also found that 15 
codons ending in C are always the most frequent in the COI gene of Anas, followed by 16 
codons ending in T, and then A  or G. Codons ending in C appears to be used somewhat 17 
more frequently used than those ending in T, among the two-fold degenerate codons. 18 
The least common third- position nucleotide in all categories, except for arginine and 19 
glycine codons, is codon G (G having the same frequency with C and T but less than 20 
A). These patterns are usually similar for almost acrossall vertebrate groups, except 21 
Xenopus28. The result shown oin Figure 7 also showedreveals that instead withrather 22 
than A. plathyrhinchos and A. poecilorhyncha, the Tegal Dduck was a member of the 23 
monophyletic cluster with A. laysanensis, A. rubripes, A. fulvigula, and A. superciliosa. 24 
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This result supportsed the findingdata that A. plathyrhinchos species have hybridized 1 
extensively with other closely related species worldwide, likesuch as A. superciliosa oin 2 
Australia and New Zealand, A. rubripes and A. plathyrhinchos from North America29, 3 
and also A. laysanensis27. 4 
The researchstudy results also support that Tegal ducks were genetically close to the A. 5 
plathyrhynchos inas they showing highera closer relationship with other A. 6 
plathyrhynchos species compareding with A. poecilorhyncha. AlsoMoreover, pairwise 7 
distance among the Tegal duck and other members of Anas demonstrated a relatively 8 
low- level in interspecific distance at 0.006 ˗ –0.063. This lower difference is possibly 9 
due to the cross breeding of the Sspot-billed duck and Mmallard byas they shareing the 10 
same habitats31. Our phylogenetic analysis also revealed that Mmallard and Sspot-billed 11 
ducks are very close. The phylogenetic tree analysis also showed that in the 12 
monophyletic cluster, the Tegal Dduck hasving a close relationship with A. laysanensis 13 
from Hawaii,  A. rubripes and A. fulvigula from Canada, A. fulvigula from Canada and 14 
A. superciliosa from Australia. Theseis vast areas washave been proven as the 15 
migratory habitats of most Mmallards, covering an area of out of manyseveral 16 
thousands of kilometers area. Populations of mMallard populations are highly 17 
genetically connected, which showing the implication toaccounts for the decrease in the 18 
local mallard numbers and the genetic diversity exacerbated by alterations in the local 19 
conditions6. Morphologically, Mmallard and Sspot-billed duck breeds are veryhighly 20 
similar in shape, behavior, and habitat, and are even genetically possiblecompatible for 21 
cross breeding32,33. In this study, compareding with other breeds, nucleotide 22 
polymorphisms in the COI gene were found to be less variable among the Mmallard, 23 
Sspot-billed, and domestic duck breeds which mainlythat primarily share a similar 24 
28 
sequences (Figure 3).  Although animal mitochondrial sequeunces are known to evolve 1 
rapidly, their gene arrangements often remain unchanged over long periods of 2 
evolutionary time33. Most importantly, when using BLAST searches to identify species, 3 
the results for the 18S rRNA gene were confirmed by the results for the COI  gene. 4 
Therefore, this analysis can be used tofor an accurately identificationy of species, with 5 
no potential species misidentification. Usually, results of species identification for Anas 6 
results based on the mitochondrial COI gene and 18S rRNA gene are identical. For 7 
further consideration, based on this research the result onshown in Figure 4, the Tegal 8 
Dduck COI gene fragment also showed 99% homologyies with the COI  partial 9 
sequence of other A. platyrhynchos and A. poecilorhyncha species mostly  from China, 10 
likesuch as A. platyrhynchos breed Rongshui duck, A. platyrhynchos breed Xilin duck, 11 
A. platyrhynchos breed Longsheng duck, A. platyrhynchos breed Shaoxing, A.12 
platyrhynchos breed Jianchang, A. platyrhynchos breed mallard, and A. platyrhynchos 13 
breed Beijing duck, butalthough they are  still out of the polyphyletic cluster. This result 14 
will be is of considerabletion importance sincebecause wild ducks havinghave potencies 15 
the potential to serve as a natural reservoir of influenza and parainfluenza viruses and 16 
are involved in the dissemination of these viruses all overthroughout the world. China 17 
has been regarded as an “influenza epicenter” for the genesis and emergence of 18 
pandemic viruses. The highly pathogenic avian influenza H5N1 virus in Asia that came 19 
from China showed ecological adaptation whichthat gaineding a broad host range. In 20 
Asia and Africa, theythis virus becaome established in a lot ofseveral poultry farms34,35. 21 
HopefullyProbably, this potential hazard can be minimized in Indonesia after 22 
knowingthe understanding that Tegal duck was is out of this “China duck” cluster. 23 
5. Conclusion 24 
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In this study, The research hadwe performed phylogenetic analysis withby 1 
characterization of both the nuclear 18S rRNA gene and mitochondrial COI genes, 2 
characterization thatwhich is necessary to gain a representative identification of the 3 
Tegal Dduck. The COI gene is provides a better coverage and a wider spectrum of 4 
species characterization than that with the 18S rRNA gene. The COI gene produced a 5 
higher similarity with number of several species members of the Anas Genusspecies and 6 
thus, had an increased comprehensive phylogenetic relativity. The use ofUsing the 18S 7 
rRNA as a combination with the COI gene had overcome the limited availability of data 8 
set in GenBbank infor conducting a more  accurate analysis, thatwhich made usit 9 
possible for us to identifyto found more genetic diversity within A. plathyrhynchos 10 
species. Thus, the 18S rRNA and the COI gene each have their advantages and 11 
drawbacks in this research. The research results inof this study provides important 12 
information to integrate both markers, to set up aobtain comprehensive genetic 13 
information foron the Tegal ducks infor showingdemonstrating their close similarities 14 
with not only A. plathyrhyncos but also A. poecilorhyncha. The classification of duck 15 
species and the identification of mutations wcould be very useful for the delineatingon 16 
of the origin of duck species and selection ofselecting an appropriate conservation 17 
breeding program. However, morefurther investigation ofusing molecular studies is 18 
required to improve the classification of duck species. 19 
 20 
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Table 1. The 18S rRNA and Mitochondrial COI gene of Anas species from GenBank 21 
used in this study 22 
Species Accesion number 
A. platyrhynchos voucher NHMO-BC399 GU571240 
A. platyrhynchos EU123318 
A. platyrhynchos isolate Moulard AF23 FJ416869 
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A. platyrhynchos AF173614 
A. platyrhynchos D38362.1 
A. platyrhynchos EU009397 
A. platyrhynchos breed Beijing EU755252 
A. platyrhynchos breed Sichuan KX592536 
A. platyrhynchos breed Longsheng KJ739616 
A. platyrhynchos KJ778676 
A. platyrhynchos breed mallard EU755253 
A. platyrhynchos breed Xilin KJ833586 
A. platyrhynchos voucher DCB-WD1 KF992022 
A. platyrhynchos KJ883269 
A. platyrhynchos breed Rongshui KJ833587 
A. platyrhynchos KJ637997 
A. platyrhynchos KJ689447 
A. platyrhynchos breed Shaoxing HM010684 
A. platyrhynchos breed Jianchang FJ167857 
A.bahamensis FJ027081 
A.rubripes AY666221 
A.laysanensis JF498830 
A.superciliosa JN801396 
A.flavirostris  N01487 
A.crecca  GU571238 
Anas laysanensis JF498830 
A.poecilorhyncha JN703235 
A.poecilorhyncha AY164517 
A.poecilorhyncha KC466567 
A.poecilorhyncha EU009397 
A.poecilorhyncha KF156760 
A.poecilorhyncha KF751616 
A A.poecilorhyncha JN793235 
A.fulvigula DQ432723 
A.georgica FJ027095 
A.acuta GU571235 
A.carolinensis DQ434280 
A.rubripes AY666221 
A.laysanensis JF498830 
A.superciliosa JN801396 
A.flavirostris  N01487 
A.crecca  GU571238 
A.laysanensis JF498830 
Table 2. Base subtitution in Tegal dDuck COI fragment comparing with several A. 1 
plathyrhynchos and A. poecilorhyncha  2 
 Tegal dDuck and A. 
plathyrhynchos 
Tegal dDuck and A 
poecilorhyncha 
Position of base 
subtitution  
7 (T→A), 12(C→T), 24 7 (T→A), 12(C→T), 24 
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(T→C), 27(C→T), 732(T→C), 
739(T→A), 740(T→C, 744 
(C→A) 
(T→C), 732(T→C), 
739(T→A), 740(T→C), 
744(C→A) KF156760, 
KF751616, 27(C→T) 
KC466567,  
Position of base 
subtitution  
7(transversion), 12(transition), 
24 (transition), 27(transition), 
732(transition), 
739(transversion), 
740(transition, 
744(transversion) 
7(transversion), 12(transition), 
24 (transition), 
27(transition)732(transition), 
739(transversion), 
740(transition, 
744(transversion) 
Position of base 
insertion 
746 (C→−) 746(C→−) 
 1 
 2 
Table 3. Maximum Likelihood Estimate of Substitution Matrix 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
Note :: The probability of substitution (r) from one base (row) to another base (column). 15 
Rates of different transitional substitutions are shown in bold and those of 16 
transversional substitutions are shown in italics.  17 
 18 
 19 
Table 4. Codon usage in COI fragment of Tegal dDuck  20 
 21 
Codon Count RSCU Codon Count RSCU Codon Count RSCU 
  A T/U C G 
A - 0.65 1.05 24.06 
T/U 0.70 - 22.55 0.50 
C 0.70 13.87 - 0.50 
G 33.72 0.65 1.05 - 
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UUU(F) 3.2 0.39 UCU(S) 0.4 0.18 UAU(Y) 1.8 0.63 
UUC(F) 13 1.61 UCC(S) 3.2 1.55 UAC(Y) 4 1.37 
UUA(L) 1.2 0.2 UCA(S) 6.5 3.09 UAA(*) 0 0 
UUG(L) 0.9 0.15 UCG(S) 0.5 0.22 UAG(*) 0 0 
CUU(L) 3.6 0.58 CCU(P) 1.5 0.36 CAU(H) 0.1 0.03 
CUC(L) 13.2 2.09 CCC(P) 6.7 1.63 CAC(H) 5.2 1.97 
CUA(L) 12.5 2 CCA(P) 8 1.94 CAA(Q) 3.5 1.41 
CUG(L) 6.2 0.99 CCG(P) 0.3 0.07 CAG(Q) 1.5 0.59 
AUU(I) 6.7 0.7 ACU(T) 1.4 0.38 AAU(N) 0.2 0.05 
AUC(I) 13.9 1.46 ACC(T) 8.1 2.23 AAC(N) 8.9 1.95 
AUA(I) 8 0.84 ACA(T) 4.7 1.3 AAA(K) 1.3 2 
AUG(M) 2.9 1 ACG(T) 0.3 0.09 AAG(K) 0 0 
GUU(V) 0.1 0.02 GCU(A) 3.4 0.57 GAU(D) 0.6 0.17 
GUC(V) 6.8 2.1 GCC(A) 14.5 2.45 GAC(D) 6.7 1.83 
GUA(V) 4.2 1.31 GCA(A) 5.8 0.98 GAA(E) 2.5 1.74 
GUG(V) 1.8 0.57 GCG(A) 0 0 GAG(E) 0.4 0.26 
UGU(C) 0 0 CGU(R) 0.2 0.29 AGU(S) 0 0 
UGC(C) 0 0 CGC(R) 0.5 0.88 AGC(S) 2 0.96 
UGA(*) 5.8 3 CGA(R) 2 3.8 AGA(R) 0 0 
UGG(W) 0.1 1 CGG(R) 0.5 1.02 AGG(R) 0 0 
GGU(G) 3.5 0.6 GGA(G) 7.8 1.36    
GGC(G) 8.7 1.51 GGG(G) 3 0.52    
 1 
38 
Values are based on all protein-coding genes of COI in Anas mitochondrial sequence. () 1 
AA, one-letter code for amino acid; count, number of codons; RSCU, relative 2 
synonymous codon usage (calculated as the observed frequency of a codon divided by 3 
its expected frequency under the assumption of equal codon usage, *, stop codons. 4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
1000 pb 
500 pb 
1500 pb 
1 2 3
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 1 
Figure 1. The18S rRNA of Tegal dDuck fragment (lane 1= = 18S rRNA  fragment, 2= = 2 
1 kb    3 
                 DNA Ladder, 3= = 100 bp DNA Ladder) 4 
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 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
                           *        20         *        40                                                 19 
A.plathyEU123318: CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 20 
A.plathyAF173614: CCATGCATGTGTAAGTACACACGGGCGGTACAGTGAAACT : 45 21 
Tegal Duck      : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 22 
 23 
                           *        60         *        80         24 
A.plathyEU123318: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 25 
A.plathyAF173614: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 85 26 
Tegal Duck      : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 27 
                   28 
                           *       100         *       120       29 
A.plathyEU123318: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 30 
A.plathyAF173614: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 125 31 
40 
 
Tegal Duck      : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 1 
 2 
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Figure 2. Comparison of 18S rRNA sequences of of  Tegal duck and interspecies A. 48 
plathyrynchos, orange box indicates their transition mutation and blue box for 49 
transversion  50 
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Figure 4. Cladogram of COI fragment displaying the evolutionary relationship of  Tegal 1 
Duck with A. plathyrhynchos and A. poecilorhyncha 2 
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Abstract: Tegal duck is a local known waterfowl species as a major producer of an egg 11 
that is traditionally used for making the famous salted egg by the local people. This 12 
study is aimed to analyze the molecular identification of the Tegal duck through the 13 
gene encoding 18S rRNA and mitochondrial cytochrome oxidase I (COI). 14 
Methodology: These data were used to determine the similarity between the genetic 15 
sequences of the Tegal duck and other Anas species retrieved from GenBank and for 16 
comparisons between both genes. Sequences were aligned using the ClustalX program, 17 
and the phylogenetic relationship was inferred using a neighbor-joining tree-building 18 
algorithm on MEGA version 5. Results: The size of the PCR product of partial 18S 19 
rRNA was approximately 485 bp, whereas the size of the partial mitochondrial DNA 20 
(mtDNA) of the COI gene sequence was 751 bp. The 18S rRNA data showed that the 21 
Tegal duck is closely related to A. platyrhynchos (84.4% similarity). The COI gene data 22 
of the Tegal duck confirmed this relationship, with 99% homology with A. 23 
platyrhynchos voucher NHMO-BC399. Nevertheless, the COI gene fragment of the 24 
24 
100% homology with A. platyrhynchos voucher NHMO-BC399 (GenBank accession 1 
number GU571240), Scandinavian birds from the trans-Atlantic species33. This result 2 
indicated that the Tegal duck originated from migrating wild ducks. 3 
4 
4. Discussion5 
The results for the 18S rRNA gene of the Tegal duck were confirmed by the results for 6 
the COI gene. Therefore, this analysis can be used for an accurate identification of 7 
species, with no potential species misidentification. The results of the species 8 
identification for Anas based on the mitochondrial COI gene and 18S rRNA gene were 9 
identical.. Nuclear and mitochondrial genomes are regarded as a promising model for 10 
studying genome evolution and resolving the ancient patterns of the evolutionary 11 
history of birds. The sequencing result of the PCR product followed by similarity 12 
analysis for the Tegal duck showed close homology with those of the 18S rRNA gene of 13 
A. platyrhynchos. The 18S rRNA sequences of the Tegal duck and A. platyrhynchos14 
exhibited conserved regions between the sequences, which suggested that this sequence 15 
was well conserved in the 18S rRNA of A. platyrhynchos. The 18S rRNA region was 16 
also highly conserved among species with similarities close to 100%, which could be 17 
used for species-level analyses in the case of A. rubripes8 and copepods12.  18 
The results of the phylogenetic evolutionary tree analysis of the COI gene support the 19 
phylogenetic analysis result using 18S rRNA, which showed that the Tegal duck is a 20 
descendant of a common ancestor of A. platyrhynchos and A. poecilorhyncha. This 21 
result is in agreement with another study grouping A. platyrhynchos with A. 22 
poecilorhyncha. A phylogenetic relationship was shown among the Korean duck 23 
derived from the mallard (A. platyrhynchos) and the spot-billed duck (A. 24 
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 2 
Table 3. Maximum likelihood estimate of substitution matrix 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
Note: The probability of substitution (r) from one basic(row) to another basic(column). 15 
Rates of different transversional substitutions are shown in italics and those of 16 
transitional substitutions are shown in bold.  17 
 18 
 19 
Table 4. Codon usage in the COI gene fragment of Tegal duck 20 
 21 
Codon Count RSCU Codon Count RSCU Codon Count RSCU 
UUU(F) 3.2 0.39 UCU(S) 0.4 0.18 UAU(Y) 1.8 0.63 
  A T/U C G 
A - 0.65 1.05 24.06 
T/U 0.70 - 22.55 0.50 
C 0.70 13.87 - 0.50 
G 33.72 0.65 1.05 - 
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Abstract:  11 
Background: Tegal duck is a domestic known waterfowl species as a major producer of 12 
an egg that is traditionally used for making the famous salted egg by the local people. 13 
Objective: This study is aimed to analyze the phylogenetic relationship of the Tegal 14 
duck through the gene encoding 18S ribosomal RNA (rRNA) and mitochondrial 15 
cytochrome oxidase I (COI). Methodology: We amplified and sequenced part of the 16 
18S rRNA and COI gene of Tegal duck. These data were used to determine their 17 
similarity with other Anas species retrieved from GenBank and analyzing phylogenetic 18 
relationship. Results: The size of the PCR product of partial 18S rRNA was 19 
approximately 485 bp, whereas the size of the partial mitochondrial DNA (mtDNA) of 20 
the COI gene sequence was 751 bp. The 18S rRNA data showed that the Tegal duck is 21 
closely related to A. platyrhynchos (84.4% similarity). The COI gene data of the Tegal 22 
duck confirmed this relationship, with 99% homology with A. platyrhynchos voucher 23 
NHMO-BC399. Nevertheless, the COI gene fragment of the Tegal duck also showed 24 
2 
99% homology with A. poecilorhyncha. Conclusion: We thus conclude that the Tegal 1 
duck has a close phylogenetic relationship with not only A. platyrhynchos but also A. 2 
poecilorhyncha. 3 
Key words: duck, Cytochrome oxidase I, ribosomal, nuclear, mitochondrial, egg,  A. 4 
platyrhynchos, A. poecilorhyncha    5 
6 
1. Introduction7 
The duck is a dominant livestock with economic importance in Tegal, Central Java, 8 
Indonesia, which has the highest population after Brebes and Klaten Regencies. This 9 
region is popularly known as center for the highest quality salted duck eggs. Their egg 10 
production is unstable and tends to decrease1. Morphological and physiological 11 
characterization has been commonly used for duck breeding programs. It resulted in 12 
instability of the progeny and the product2,3. The characteristics of Tegal ducks have 13 
been considered to be typologically similar with those of mallard (Anas platyrhynchos)2-14 
4. Their variative phenotypes such as beak color, head color, and tail, have been15 
confusing  in making decisions regarding in animal breeding4,5. Moreover, the origin of 16 
the domestic duck in Asia have been being debatable6,7,8. Genetic characterization of 17 
this duck is important to improve egg production in Tegal. It is known that genetic 18 
variation is responsible for phenotypic traits. Therefore, it is very important to analyze 19 
genetic characteristics of the domestic Tegal duck for breeding program, with the 20 
possibility through their advantages. Genetic identification of the Tegal duck is 21 
conducted using two DNA barcoding methods consisting of nuclear and `mitochondrial 22 
DNA (mtDNA). The combination of mitochondrial and nuclear genes  produce more 23 
credible species delineations than those based on a single gene9. Detection of nuclear 24 
3 
DNA is limited due to the general low copy number of sequences and differs from the 1 
several copies of mtDNA per cell10,11. Mutation and recombination in the nucleus create 2 
variety in the nuclear genes, while mutation is the primary source of sequence variation 3 
in animal mitochondria. All  processes can be the material for the identification of 4 
genetically related species10,11. Based on recent researches, COI gene has been effective 5 
to identify for species in poultry because of their high mutation of rate, which was 6 
sufficient to discriminate amongst species11. The advantage of mtDNA is supported at 7 
faster nucleotide substitution and lack of recombination11,12-14. Besides, mitochondrial 8 
genome is maternally inherited8,15-18. Thus, COI gene can be differing taxonomial class 9 
starting from the level of intraspecies to ordo, for example Copepoda evolution12˗14. 10 
Another DNA barcodes suitable for animals is 18S rRNA gene, the central component 11 
of ribosom.This region is one of the most conserved genes in all cells14,19˗20. 12 
Phylogenetic anaysis based on molecular characterization of the Tegal duck species will 13 
be important for searching a stable product for improving breeding strategies for 14 
Indonesian domestic ducks. Molecular identification of most members of the genus 15 
Anas has generally been performed using the COI mitochondrial gene. However, since 16 
18S rRNA is also a reliable molecular barcode, it would be better if the phylogenetic 17 
analysis is performed using both of these genetic markers. In the present study, 18 
variations in mtDNA and ribosomal DNA is investigated to determine the phylogenetic 19 
relationships of the Tegal duck species at the molecular level. 20 
21 
2. Materials and Methods22 
2.1. Specimen collection and DNA extraction 23 
4 
 
Tegal ducks at 3 months of age were obtained from the Center of Breeding Poultry in 1 
Banyubiru Semarang, Department of Animal Husbandry and Animal Health in Central 2 
Java Province, Indonesia. DNA samples were extracted from the tissue samples of the 3 
Tegal ducks21.  4 
2.2. PCR amplification and DNA sequencing 5 
The amplification of the 18S rRNA and COI gene in the mtDNA was used extracted 6 
genomic DNA. The COI forward primer was 5′-7 
TTCTCCAACCACAAAGACATTGGCAC-3′, and the reverse primer was 5′-8 
ACGTGGGAGATAATTCCAAATCCTG-3′22. For the 18S rRNA gene, a universal 9 
primer was used with the forward primer 5′-GTAGTCATATGCTTGTCT-3′ and the 10 
reverse primer 5′-GCTGGCACCACACTTGCCCT-3′. PCR for the COI gene was 11 
performed in a Mini Thermal Cycler (Eppendorf, Germany). The initial denaturation 12 
step was conducted at 95 °C for 5 min. The next steps were 35 cycles at 95 °C for 30 s, 13 
54 °C for 30 s, 72 °C for 30 s and a final extension step at 72 °C for 7 min. PCR for the 14 
18S rRNA gene was used an initial denaturation step at 94 °C for 2 min. PCR consist of 15 
30 cycles at 94 °C for 1 min, 55 °C for 1 min, 72 °C for 1 min. The final extension step 16 
at 72 °C for 2 min. Purification and sequencing of the PCR products were performed by 17 
1st Base Singapore. 18 
2.3. Data Analysis 19 
For data analysis, published sequences of some members from the genus Anas were 20 
downloaded from GenBank. Sequence data of the duck COI gene and 18S rRNA are 21 
listed in Table 1. Sequences were aligned using the ClustalX program23. Identification 22 
of nucleotide variations in duck species and construction of the neighbor-joining 23 
phylogenetic tree were conducted using MEGA software version 5 (Japan, 24 
5 
www.megasoftware.net)24. The phylogenetic tree was constructed by substitution model 1 
using the Jukes-Cantor model. It assumes equal base frequencies  and equal mutation 2 
rates. The rate of nucleotide substitution is the same for every pair of nucleotides. 3 
Frequencies of A,,T,C and G will eventually will expected become equal to 0.2525,26. 4 
5 
Table 1. The 18S rRNA and mitochondrial COI gene sequences of Anas species from 6 
GenBank used in this study 7 
Species Accesion number 
A. platyrhynchos voucher NHMO-BC399 GU571240.1 
A. platyrhynchos EU123318.1 
A. platyrhynchos isolate Moulard AF23 FJ416869.1 
A. platyrhynchos AF173614.1 
A. platyrhynchos D38362.1 
A. platyrhynchos EU009397.1 
A. platyrhynchos breed Beijing EU755252.1 
A. platyrhynchos breed Sichuan KX592536.1 
A. platyrhynchos breed Longsheng KJ739616.1 
A. platyrhynchos KJ778676.1 
A. platyrhynchos breed mallard EU755253.1 
A. platyrhynchos breed Xilin KJ833586.1 
A. platyrhynchos voucher DCB-WD1 KF992022.1 
A. platyrhynchos KJ883269.1 
A. platyrhynchos breed Rongshui KJ833587.1 
A. platyrhynchos KJ637997.1 
A. platyrhynchos KJ689447.1 
A. platyrhynchos breed Shaoxing HM010684.1 
A. platyrhynchos breed Jianchang FJ167857.1 
A. bahamensis FJ027081.1 
A. rubripes AY666221.1 
A. laysanensis JF498830.1 
A. superciliosa JN801396.1 
A. flavirostris N01487.1 
A. crecca GU571238.1 
A. laysanensis JF498830.1 
A. poecilorhyncha JN703235.1 
A. poecilorhyncha AY164517.1 
A. poecilorhyncha KC466567.1 
A. poecilorhyncha EU009397.1 
A. poecilorhyncha KF156760.1 
A. poecilorhyncha KF751616.1 
A. poecilorhyncha JN793235.1 
6 
 
A. fulvigula DQ432723.1 
A. georgica FJ027095.1 
A. acuta GU571235.1 
A. carolinensis DQ434280.1 
 1 
3. Results  2 
3.1 Amplification of 18S rRNA gene by universal primer 3 
Figure 1 shows the products of the Tegal duck 18S rRNA amplification. The 4 
annealing temperature that showed positive bands and exhibited the best sequencing 5 
results was 55 °C. These data confirmed that the primer we chose in this study was 6 
suitable for amplifying the conserved region in the Tegal duck. The size of the PCR 7 
product of the 18S rRNA fragment was approximately 485 bp. These sequences showed 8 
high homology with 18S rRNA partial sequences of A. platyrhynchos (accession 9 
number EU123318.1) and A. platyrhynchos (accession number AF173614.1).  10 
 11 
                                                                                   12 
 13 
Figure 1. The 18S rRNA fragment of the Tegal duck (lane 1 = 18S rRNA fragment, lane 14 
2 = 1 kb DNA ladder) 15 
 16 
1000 bp 
500 bp 
1500 bp 
   1      2        
485 bp 
7 
 
The sequencing results of the PCR product of the partial fragment of 18S rRNA gene of 1 
the Tegal duck showed close homology with those of A. platyrhynchos (Figure 2). 2 
Sequence of the 18S rRNA fragment with gene resources from GenBank showed a 3 
close relationship of approximately 99% similarity between the Tegal duck and A. 4 
platyrhynchos (accession number EU123318.1) from Saudi Arabia, A. platyrhynchos 5 
(accession number AF173614.1) from the USA, and A. platyrhynchos (accession 6 
number D38362.1) from Ibaraki, Japan. Approximately 98% similarity was also 7 
exhibited between the Tegal duck and the A. platyrhynchos isolate Moulard AF23 8 
(accession number FJ416869.1) but only in the short region (data not shown). The 18S 9 
rRNA sequences from Tegal duck and A. platyrhynchos species identified 98% ˗ 99% 10 
similarity in the region. A. platyrhynchos was grouped with A. poecilorhyncha and had 11 
0.0047% difference26. This result also supported the idea that the region with high intra-12 
species conservation, such as that of the 18S rRNA genes with similarities close to 13 
100%, could be used for species-level analyses in the case of copepods12. Analysis and 14 
comparison of the sequences of the Tegal duck and A. platyrhynchos identified six 15 
single nucleotide polymorphisms and one deletion in the conserved 18S rRNA region. 16 
The transition and transversion mutation can be seen in Figure 2 accomplished by a 17 
deletion at position 474 bp.  18 
* 20 * 4019 
A.platyEU123318: CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 4020 
A.platyAF173614: CCATGCATGTGTAAGTACACACGGGCGGTACAGTGAAACT : 4521 
Tegal Duck : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 22 
23 
* 60 * 8024 
A.platyEU123318: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 8025 
A.platyAF173614: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 8526 
Tegal Duck : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 27 
28 
* 100 * 12029 
A.platyEU123318: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 12030 
A.platyAF173614: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 12531 
8 
 
Tegal Duck     : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 1 
 2 
                          *       140         *       160               3 
A.platyEU123318: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 160 4 
A.platyAF173614: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 165 5 
Tegal Duck     : TAATACATGCTGACGAGCGCCGACCTCCGGGGACGCGTGC : 160 6 
                   7 
                          *       180         *       200       8 
A.platyEU123318: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 200 9 
A.platyAF173614: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 205 10 
Tegal Duck     : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 200 11 
 12 
                          *       220         *       240          13 
A.platyEU123318: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 240 14 
A.platyAF173614: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 245 15 
Tegal Duck     : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 240 16 
                   17 
                          *       260         *       280          18 
A.platyEU123318: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 280 19 
A.platyAF173614: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 285 20 
Tegal Duck     : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 280 21 
                   22 
                          *       300         *       320       23 
A.platyEU123318: TTCGATGGTAGTGTCTGTGCCTACCATGGTGACCACGGGTA: 321 24 
A.platyAF173614: TTCGATGGTACTGTCTGTGCCTACCATGGTGACCACGGGTA: 326 25 
Tegal Duck     : TTTGATGGTAGTGTCTGTGCCTCCCATGGTGACCACGGGTA: 321 26 
                   27 
                         *       340         *       360             28 
A.platyEU123318: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 363 29 
A.platyAF173614: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 368 30 
Tegal Duck     : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 363 31 
                   32 
                       *       380         *       400              33 
A.platyEU123318: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 404 34 
A.platyAF173614: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 409 35 
Tegal Duck     : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 404 36 
                   37 
                      *       420         *       440                 38 
A.platyEU123318: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 445 39 
A.platyAF173614: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 450 40 
Tegal Duck     : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 445 41 
                                              42 
                     *       460         *       480       43 
A.platyEU123318: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:486 44 
A.platyAF173614: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:490 45 
Tegal Duck     : ACAGGACTCTTTCGAGGCCCAGTAATTG-AATGAGTCCACT:485 46 
                            47 
Figure 2. Comparison of 18S rRNA sequences of the Tegal duck and the interspecies A. 48 
platyrynchos. Orange box indicates a transition mutation, and blue box 49 
indicates a transversion mutation. 50 
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 1 
The sequencing result of the PCR product followed by similarity analysis for the Tegal 2 
duck showed close homology with those of the 18S rRNA gene of A. platyrhynchos. 3 
The 18S rRNA sequences of the Tegal duck and A. platyrhynchos exhibited conserved 4 
regions between the sequences. The 18S rRNA region was also highly conserved among 5 
species and had been used for species-level analyses for example A. rubripes8 and 6 
copepods12.  7 
3.2 Amplification of Tegal duck COI gene 8 
The Tegal duck’s partial fragment of the COI gene of approximately 751 bp are shown 9 
in Figure 3. This COI gene fragment showed 99% similarity with sequences from A. 10 
poecilorhyncha and A. platyrhynchos. 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
Figure 3. The COI gene fragment of the Tegal duck (lane 1 = 100 bp DNA Ladder, 2 =  20 
               COI gene fragment  21 
 22 
Homology analysis revealed that the Tegal duck shared a common ancestor with A. 23 
poecilorhyncha and A. platyrhynchos, as illustrated on its cladogram (Figure 4). 24 
  
500 b p  
 10 00 bp  
1500 b p  
  1       2        
751 bp 
10 
Similarity analysis of the COI gene fragment of 751 bp length revealed that the Tegal 1 
duck, compared with some A. platyrhynchos species, had several base substitutions as 2 
detailed in Table 2. The difference between A. platyrhynchos and A. poecilorhyncha 3 
was the position of the COI gene in the complete mitochondrial genome. The A. 4 
platyrhynchos COI gene consistently stayed at position 6476 – 7225, whereas the A. 5 
poecilorhyncha COI gene was found at several positions, such as 5426 – 6175 in A. 6 
poecilorhyncha (accession number KF156760.1) and A. poecilorhyncha (accession 7 
number KC466567.1), but at other positions such as 6476 – 7225 in A. poecilorhyncha 8 
(accession number KF751616.1). 9 
10 
Figure 4. The phylogenetic relationship of the COI gene fragment of Tegal duck with A. 11 
platyrhynchos and A. poecilorhyncha 12 
 13 
 A.poecilorynchaKC466567  
 A.platyrhynchosEU009397
 A.platyrhynchosBeijingEU755252 
 A.platyrhynchosSichuanKX592536 
 A.platyrhynchosLongshengKJ739616
 A.platyrhynchosKJ778676
 A.platyrhynchosmallardEU755253 
 A.platyrhynchosXilinKJ833586
 A.platyrhynchosDCBWD1KF992022
 A.platyrhynchosKJ883269
 A.platyrhynchosRongshuiKJ833587
 A.platyrhynchosKJ637997
 A.platyrhynchosKJ689447
 A.platyrhynchosShaoxingHM010684
 A.platyrhynchosJianchangFJ167857 
 A.poecilorynchaKF751616 
 A.poecilorynchaKF156760 
 Tegal Duck   
 A.superciliosaJN801396 
64 
61 
82 
11 
The cladogram on Figure 4. indicated that some A. platyrhynchos and A. 1 
poecilorhyncha species had been bred and had a descendant possessing both of their 2 
characters, whereas others still retained the dominant original character of A. 3 
poecilorhyncha. The COI gene of Tegal duck showed a unique character combination 4 
resemble with 13 subspecies A. platyrhynchos, and it also gained the character of 3 5 
subspecies of A. poecilorhyncha. This result strongly implied that the domestic Tegal 6 
ducks from Indonesia may have ancestral A. platyrhynchos predominantly and also little 7 
character of A. poecilorhyncha species. Similarity analysis of the COI gene fragment 8 
with a length of 751 bp showed that the Tegal duck had several base substitutions 9 
almost in the same position as that in some A. platyrhynchos and A. poecilorhyncha 10 
species. We have resumed some differences in bases subtition, transtion and 11 
transversion among A. platyrhynchos and A. poecilorhyncha as depicted in Table 2. 12 
13 
Table 2. Base substitutions in the Tegal duck COI gene fragment compared with those 14 
of several A. platyrhynchos and A. poecilorhyncha species 15 
Tegal Duck and A. 
platyrhynchos 
Tegal Duck and A. 
poecilorhyncha 
Position of base 
substitution  
7 (T→A),12(C→T),24 
(T→C), 27(C→T), 
732(T→C), 739(T→A), 
740(T→C, 744 (C→A) 
7 (T→A), 12(C→T),24 
(T→C), 732(T→C), 
739(T→A), 740(T→C), 
744(C→A) KF156760, 
KF751616, 27(C→T) 
KC466567,  
Type of base 
substitution  
7(transversion), 12(transition), 
24 (transition), 27(transition), 
732(transition), 
739(transversion), 
740(transition), 
744(transversion) 
7(transversion), 12(transition), 
24 (transition), 27(transition) 
732(transition), 
739(transversion), 
740(transition), 
744(transversion) 
Position of base 
insertion 
746 (C→−) 746(C→−) 
16 
12 
 
Further analysis also found 99% – 100% similarity in the COI gene of the Tegal duck 1 
with other members of the Anas genus as shown in Figure 5. They exhibited some 2 
variations in this region, all with respect to species in the genus Anas. In all the COI 3 
gene fragments, the rate of transition was higher than the rate of transversion.  4 
                       *        20         *        40         *        60                   5 
Tegal duck   :cacaaagacattggcactctatac....................................: 60 6 
A.laysanensis:-----------------...........................................: 43 7 
A.rubripes   :-------------------.................A.......................: 41 8 
A.flavirostri:...........C.............................G..T...............: 60 9 
A.crecca     :.................C..........................................: 60  10 
A.carolinensi:---------------.............................................: 45 11 
A.acuta      :------------........G.......................................: 48 12 
A.bahamensis :------------------..........................................: 42 13 
A.georgica   :------------------..........................................: 42 14 
A.supercilio :-----------------------------------------------------------.: 1 15 
A.fulvigulari:-----------------...........................................: 43 16 
                                      cttatcttcggggcatgagccggaataattggcacA       17 
                                       L  I  F  G  A  W  A  G  M  I  G  T   18 
 19 
 20 
                       *        80         *       100         *       120              21 
Tegal duck   :............................................................:120 22 
A.laysanensis:..........................G..G..............................:103 23 
A.rubripes   :..........................G.................................:101 24 
A.flavirostri:...........G..A.....C..............A........................:120 25 
A.crecca     :.....T..............C..............A.....A..................:120  26 
A.carolinensi:...........G..A.....C..............A.....A..................:105 27 
A.acuta      :....................C....................A........A.........:108 28 
A.bahamensis :............T.......C....................A..................:102 29 
A.georgica   :..............A.....C....................A..................:102 30 
A.supercilio :............................................................: 61 31 
A.fulvigulari:..........................G.................................:103 32 
              GCACTcAGCCTacTgATCCGgGCAGAaCTaGGCCAgCCAGGgACCCTCCTgGGCGACGAC       33 
               A  L  S  L  L  I  R  A  E  L  G  Q  P  G  T  L  L  G  D  D  34 
 35 
                       *       140         *       160         *       180              36 
Tegal duck   :............................................................:180 37 
A.laysanensis:............................................................:163 38 
A.rubripes   :............................................................:161 39 
A.flavirostri:...................................T.................A......:180 40 
A.crecca     :........C.....A...........C........T.......................A:180 41 
A.carolinensi:........C.....A...........C........T........................:165 42 
A.acuta      :........C..........................T...........T............:168 43 
A.bahamensis :........C.................C..T.....T...........T............:162 44 
A.georgica   :...................................T...........T............:162 45 
A.supercilio :............................................................:121 46 
A.fulvigulari:...........................................................A:163 47 
              CAAATTTAtAACGTgATCGTCACCGCtCAcGCCTTcGTAATAATCTTcTTCATgGTAATg       48 
               Q  I  Y  N  V  I  V  T  A  H  A  F  V  M  I  F  F  M  V  M   49 
 50 
                         *       200         *       220       *       240                     51 
Tegal duck   :............................................................:240 52 
A.laysanensis:............................................................:223 53 
A.rubripes   :.................................A..........................:241 54 
A.flavirostri:..............G..A..T.........C..........A..................:240 55 
A.crecca     :........G........A..............A........A........C.....T...:240 56 
A.carolinensi:.................A..............A........A..G...............:225 57 
A.acuta      :..............G..A.......................A..................:228 58 
A.bahamensis :.................A.......................A........C.........:222 59 
13 
A.georgica   :..T..............A..........................................:222 1 
A.supercilio :............................................................:181 2 
A.fulvigulari:............................................................:2233 
CCcATCATaATTGGaGGgTTcGGCAACTGAtTggTCCCCCTgATaATCGGtGCCCCcGAC4 
P  I  M  I  G  G  F  G  N  W  L  V  P  L  M I  G  A  P  D   5 6 
* 260 * 280 * 3007 
Tegal duck   :............................................................:300 8 
A.laysanensis:............................................................:2839 
A.rubripes   :............................................................:301 10 
A.flavirostri:............................................G..G...........A:300 11 
A.crecca :...........................................................C:300 12 
A.carolinensi:....................T.......................C...............:285 13 
A.acuta    :............................................................:288  14 
A.bahamensis :............................................................:282 15 
A.georgica   :............................................................:282 16 
A.supercilio :............................................................:241 17 
A.fulvigulari:............................................................:28318 
ATaGCATTCCCACGAATAAAcAACATAAGCTTCTGACTCCTCCCaCCaTCATTCCTCCTt  19 
M  A  F  P  R  M  N  N  M  S  F  W  L  L  P  P  S  F  L  L   20 21 
* 320 * 340 * 36022 
Tegal duck   :......................................G.....................:360 23 
A.laysanensis:......................................A.....................:343 24 
A.rubripes   :......................................A.....................:361 25 
A.flavirostri:.................C.................C..A...........G........C:360 26 
A.crecca :..............T..C...........G..C.....A...........G........C:360 27 
A.carolinensi:..............T.................C.....A..A........G........C:365 28 
A.acuta    :.....T.................G..C.....C..C..A...........G.....G..C:348 29 
A.bahamensis :.....T.................G..C.....C..C..A...........G........C:342 30 
A.georgica   :.....T........T...........C.....C..C..A...........G.....G..C:342 31 
A.supercilio :......................................A.....................:301 32 
A.fulvigulari:......................................A.....................:343 33 
CTACTcGCCTCATCcACtGTAGAaGCtGGcGCtGGtAC GGtTGAACCGTaTACCCaCCt34 
L  L  A  S  S  T  V  E  A  G  A  G  T  G  W  T  V  Y  P  P   35 36 
* 380 * 400 * 42037 
Tegal duck   :............................................................:420 38 
A.laysanensis:............................................................:40339 
A.rubripes   :............................................................:421 40 
A.flavirostri:..............G.................G..A........................:420 41 
A.crecca :..............G....................A.....A...........C......:420 42 
A.carolinensi:..............G....................A.....A...........G......:425 43 
A.acuta    :..............G...........G........A........C...........C...:408 44 
A.bahamensis :..............G....................A........C...........C...:402 45 
A.georgica   :..............G.................G..A........C...........C...:402 46 
A.supercilio :............................................................:361 47 
A.fulvigulari:............................................................:40348 
CTAGCAGGCAACCTaGCCCACGCCGGaGCCTCaGTgGACCTgGCtATCTTCTCaCTtCAC49 
L  A  G  N  L  A  H  A  G  A  S  V  D  L  A  I  F  S  L  H 50 51 
* 440 * 460 * 48052 
Tegal duck   :.....T......................................................:480 53 
A.poecilorhyn:.....T......................................................:463 54 
A.rubripes   :.....C......................................................:481 55 
A.flaviros   :..A..C......................................................:480 56 
A.crecca :..A..C....................G.................................:480 57 
A.carolinensi:..A..C....................G.....................G...........:485 58 
A.acuta    :..A..C...................................C...........T......:438 59 
A.bahamensis :..A..C.............................T.....C...........T......:462 60 
A.georgica   :..A..C.............................T.....C...........T......:462 61 
A.supercilio :.....C......................................................:421 62 
A.fulvigulari:.....C......................................................:463 63 
CTgGC GGTGTCTCCTCCATCCTCGGaGCCATTAAcTTCATtACCACaGCCATcAACATA64 
L  A  G  V  S  S  I  L  G  A  I  N  F  I  T  T  A  I  N  M   65 66 
14 
 
                        *       500         *       520        *       540           1 
Tegal duck   :............................................................:540 2 
A.laysanensis:............................................................:523 3 
A.rubripes   :............................................................:541 4 
A.flavirostri:.........................................T.....G............:540 5 
A.crecca     :.........T..........G..........................G............:540 6 
A.carolinensi:....................G.......................................:545 7 
A.acuta      :.......................T.....A.....C...........G............:528 8 
A.bahamensis :....................G..T...........C........................:522 9 
A.georgica   :.......................T...........C........................:522 10 
A.supercilio :............................................................:481 11 
A.fulvigulari:............................................................:523 12 
              AAACCCCCcGCACTCTCACAaTAcCAAACcCCACTtTTCGTcTGATCaGTCCTAATTACC       13 
               k  P  P  A  L  S  Q  Y  Q  T  P  L  F  V  W S  V  L  I  T   14 
  15 
                       *       560         *       580         *       600     16 
Tegal duck   :............................................................:600 17 
A.laysanensis:............................................T...............:583 18 
A.rubripes   :............................................................:601 19 
A.flavirostri:........A.........................................A...T.....:600 20 
A.crecca     :........A..................T................................:600 21 
A.carolinensi:...............................................G............:605 22 
A.acuta      :......................................................T.....:588 23 
A.bahamensis :..T.........................................................:582 24 
A.georgica   :............................................................:582 25 
A.supercilio :............................................................:541 26 
A.fulvigulari:............................................................:583 27 
              GCcATCCTgCTCCTCCTATCACTCCCcGTCCTCGCCGCCGGCATcACaATgCTAcTAACC       28 
               A  I  L  L  L  L  S  L  P  V  L  A  A  G  I  T  M  L  L  T 29 
 30 
 31 
                       *       620         *       640         *       660                     32 
Tegal duck   :............................................................:660 33 
A.laysanensis:............................................................:643 34 
A.rubripes   :..................T.........................................:661 35 
A.flavirostri:.............................C..C........A..................:660 36 
A.crecca     :.............................C..C........A..................:660 37 
A.carolinensi:.............................C..C..T.....A.................T:665 38 
A.acuta      :.............................C..C........A.....T........A...:648 39 
A.bahamensis :...........G.................C..C........A..............A...:642 40 
A.georgica   :.............................C..C........A..................:642 41 
A.supercilio :............................................................:601 42 
A.fulvigulari:..................T......................A..................:643 43 
              GACCGAAACCTaAACACcACATTCTTTGAtCCtGCcGGAGG GGAGAcCCAATCCTgTAc       44 
               D  R  N  L  N  T  T  F  F  D  P  A  G  G  G  D  P  I  L  Y   45 
 46 
                      670                     47 
Tegal duck   : .................. : 678 48 
A.laysanensis: ..G............... : 661 49 
A.rubripes   : ..G............... : 679 50 
A.flavirostri: .................. : 678 51 
A.crecca     : .................. : 678 52 
A.carolinensi: ..G............... : 683 53 
A.acuta      : ..G............... : 666 54 
A.bahamensis : ..G............... : 660 55 
A.georgica   : ..G............... : 660 56 
A.supercilio : .................. : 619 57 
A.fulvigulari: ..G......--------- : 652 58 
               CA CACCTAttttgattc       59 
                Q  H  L  F  W  F  60 
Figure 5. Similarity analysis of the COI gene fragment of the Tegal duck compared with 61 
other members of the genus Anas  62 
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Similarity analysis of the COI gene sequences of the Tegal duck in comparison with the 1 
mitochondrial COI gene of other members of the Anas genus identified 99% – 100% 2 
similarity in their COI regions. However, the differences among members in the genus 3 
Anas is much greater than the difference between Tegal duck with A. platyrhynchos and 4 
A. poecilorhyncha.  5 
Similarity analysis also revealed the number of base substitutions between the Tegal 6 
duck and A. platyrhynchos with transition mutation in three base positions and a 7 
transversion mutation in three base positions, which can be used to distinguish between 8 
species. This result creates a bias in the ratio of the number of transitions to the number 9 
of transversions. As shown in Table 3, the maximum likelihood estimation of 10 
transition/transversion bias (R) for all the sequences is 15.30, which was still within the 11 
range for mtDNA27. The probability of transition was greater than that of transversion, 12 
indicating that the changes in the COI gene of the Tegal duck could be silent mutations, 13 
and therefore do not significantly alter the genes to ensure its taxon in the Anas group. 14 
 15 
Table 3. Maximum likelihood estimation of substitution matrix 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
Note: The probability of substitution (r) from one base (row) to another base (column). 24 
Rates of different transversion substitutions are shown in italics, and those of transition 25 
substitutions are shown in bold.  26 
  A T/U C G 
A - 0.65 1.05 24.06 
T/U 0.70 - 22.55 0.50 
C 0.70 13.87 - 0.50 
G 33.72 0.65 1.05 - 
16 
 
 1 
The amino acid analysis of the COI gene from the members of the Anas genus showed 2 
the characteristics of the mitochondrial genetic code, wherein codon AUA is used to 3 
encode methionine. Furthermore, codon UGA, usually a termination codon, codes for 4 
tryptophan. The nucleotide frequencies are A = 24.06%, T/U = 22.38%, C = 36.39%, 5 
and G = 17.17%. These COI regions generally have the highest transition/transversion 6 
ratios and are more significant in closely related species. In general, the percentage of 7 
amino acids in the COI gene fragment in Tegal duck is dominated by alanine (14.5%), 8 
followed by isoleucine (13.9%), leucine and glycine (13.2%). We also see that codons 9 
ending in C are always the most frequently observed in the COI gene of Anas, followed 10 
by codons ending in T, and then A or G. Codons ending in C appear to be somewhat 11 
more frequently used than those ending in T, among the twofold degenerate codons. 12 
The least common third position nucleotide in all categories, except for arginine and 13 
glycine codons, is codon G (G having the same frequency with C and T but less than 14 
A). The number of base substitutions between the Tegal duck and A. platyrhynchos with 15 
both transition and transversion mutations in three base positions can be used to 16 
distinguish between species. The probability of transition substitution was higher than 17 
that of transversion substitution, wherein the substitution of adenine with guanine and 18 
vice versa was the greatest. This is affected by the similarity of their molecular 19 
structure. Therefore, the probability is smaller for transversion substitution, which is 20 
caused by the purine and pyrimidine nucleotides that have a different larger molecular 21 
structure27. The substitution at the nitrogen bases causes a mismatch in the sequence, 22 
and there is turnover among the same base pairs (transitions) and the base pairs with its 23 
opponent (transversion).  24 
17 
 
The principal problem of evolution in the nuclear and mitochondrial genomes is a 1 
mutation that changes the genes. A gene or DNA sequence with a mutation will cause 2 
nucleotide substitution that might be spread into the population by natural selection and 3 
genetic drift and sometimes will be fixed in a species. This character will be inherited 4 
into their descendant species if the mutated gene produces new morphological or 5 
physiological characters. Single nucleotides can also cause polymorphisms in RNA that 6 
will exhibit genetic differences between individuals and have an important function 7 
when the mutation occurs in a specific region. A mutation in the 18S rRNA is a 8 
heritable change in the DNA sequence that may or may not potentially affect the 9 
phenotype of the organism, since the mutations are very important in producing genetic 10 
variations. These genes can influence the characteristics of an organism. Changes in any 11 
part of the environment could make the organism extinct. The theory of evolution 12 
assumes that mutations are random because of their adaptive value. For example, some 13 
nucleotides are more mutable than others. The COI regions generally have high 14 
transition/transversion ratios of mutation and are more significant in closely related 15 
species. Nucleotide substitution with a transition bias is a common phenomenon in 16 
animal mtDNA. Purified selection can aid in tolerating synonymous mutations and 17 
eliminating nonsynonymous mutations27. Transition mutations occur at a higher 18 
frequency than that of transversion mutations. Transitions are less likely to result in 19 
amino acid substitutions and are therefore more likely to be considered silent 20 
substitutions in populations28.  21 
 22 
3.3 Phylogenetic Analysis 23 
18 
 
Tree construction for a closely related gene using DNA sequences would be better than 1 
using protein because it avoids any silent substitution that is phylogenetically 2 
informative. The results of the phylogenetic analysis of the members of the Anas genus 3 
in Figure 6. showed that the domestic Tegal duck from Indonesia could more likely be a 4 
hybrid of A. platyrhynchos and A. poecilorhyncha as they are found together in a 5 
monophyletic cluster in their phylogenetic tree. The other duck species are well 6 
separated using the COI gene in mitochondrial DNA.This result was also supported by 7 
an adequate bootstrap value of approximately 94% (the number of bootstrap replications 8 
was 1000). The result shown in Figure 6 also reveals that instead A. platyrhynchos and 9 
A. poecilorhyncha, the Tegal duck was also a member of the monophyletic cluster with 10 
A. laysanensis, A. rubripes, A. fulvigula, and A. superciliosa. This result supports the 11 
finding that A. platyrhynchos species have hybridized extensively with other closely 12 
related species worldwide such as A. superciliosa in Australia and New Zealand, A. 13 
rubripes and A. platyrhynchos from North America29, and A. laysanensis30. 14 
 15 
 16 A.superciliosaJN801396 
Tegal duck 
A.platyrhynchosGU571240 
A.poecilorhynchaKF751616 
940 
880 
A.fulvigulaDQ432723 
A.rubripesAY666221 
A.laysanensisJF498830 
539 
603 
560 
A.creccaGU571238 
A.carolinensisDQ434280 
A.acutaGU571235 
A.bahamensisFJ027081 
A.georgicaFJ027095
841 
981 
989 
1000 
459 
A.flavirostrisN01487 
0.005
19 
 
Figure 6. Phylogenetic evolutionary tree of the COI gene displaying the evolutionary 1 
relationship of the Tegal duck within a lineage shared by other members of 2 
Anas species. The scale bar in the upper right represents 0.05 substitutions 3 
per nucleotide site 4 
 5 
The genus Anas is primarily derived from mallard ducks. Moreover, the evolution of 6 
Anas species is a dominant factor that affects the production of hybrid ducks29-32. Based 7 
on the COI gene fragment of the Tegal duck analysis results which showed 100% 8 
homology with A. platyrhynchos voucher NHMO-BC399 (GenBank accession number 9 
GU571240), Scandinavian birds from the trans-Atlantic species33 which indicated that 10 
the Tegal duck originated from migrating wild ducks. 11 
 12 
4. Discussion 13 
The results for the 18S rRNA gene of the Tegal duck confirmed by the results of the 14 
COI gene showed that it was a hybrid of A. platyrhynchos and A. poecilorhyncha with 15 
dominant character of A. platyrhynchos. Combination of both genetic marker had 16 
resulted  more accurate molecular identification of species.   17 
The results of the phylogenetic evolutionary tree analysis of the COI gene also support 18 
the phylogenetic analysis result using 18S rRNA, which showed that the Tegal duck 19 
have a common ancestor A. platyrhynchos and A. poecilorhyncha. This result is in 20 
agreement with another study which grouping A. platyrhynchos with A. poecilorhyncha. 21 
A phylogenetic relationship was shown among the Korean duck derived from the 22 
mallard (A. platyrhynchos) and the spot-billed duck (A. poecilorhyncha)34. However, 23 
another study reported that based on their mtDNA, the domestic Korean ducks 24 
20 
 
originated only from A. platyrhynchos6. Some South and East Asian ducks may live in 1 
areas with suitable food and habitat because they are migratory birds and have 2 
characteristics by which they can be easily adapted26. Hybrids from mallards and spot-3 
billed ducks often appear in natural habitats, which makes it difficult to identify. Our 4 
phylogenetic analysis also supported the result that the mallard and spot-billed duck 5 
breeds are not separated.  6 
The COI regions generally have the highest transition/transversion ratios and are more 7 
significant in closely related species. These patterns are usually similar for almost all 8 
vertebrate groups, except Xenopus31. The Tegal ducks are genetically close to A. 9 
platyrhynchos as they show a closer relationship with other A. platyrhynchos species 10 
compared with A. poecilorhyncha. Moreover, the pairwise distance among the Tegal 11 
duck and other members of Anas demonstrated a relatively low-level interspecific 12 
distance. This smaller difference is possibly due to the crossbreeding of spot-billed 13 
ducks and mallards influenced by the same habitats32. Our phylogenetic analysis also 14 
revealed that mallards and spot-billed ducks are genetically very close. The 15 
phylogenetic tree analysis also showed that in the monophyletic cluster, the Tegal duck 16 
has a close relationship with A. laysanensis from Hawaii, A. rubripes and A. fulvigula 17 
from Canada and A. superciliosa from Australia. These vast areas have been proven as 18 
the migratory habitats of most mallards, covering an area of several thousand 19 
kilometers. Mallard populations are highly genetically connected, which accounts for 20 
the decrease in the domestic mallard numbers and the genetic diversity exacerbated by 21 
alterations in the local environment6. Morphologically, mallard and spot-billed duck 22 
breeds are highly similar in shape, behavior, and habitat and are even genetically 23 
compatible for crossbreeding32,33,35. Although animal mitochondrial sequences are 24 
21 
 
known to evolve rapidly, their gene arrangements often remain unchanged over long 1 
periods of evolutionary time32,36-37.  2 
The COI gene provided a better coverage and  wider spectrum of species 3 
characterization than the 18S rRNA gene. The use of 18S rRNA in combination with 4 
the COI gene had overcome the limited availability of the data set in GenBank to 5 
conduct a more accurate analysis, which made it possible to find more genetic diversity 6 
within A. platyrhynchos. The research results in this study provide important 7 
information for improving egg production on Tegal duck. Since the egg production of 8 
A. platyrhynchos (average 140-150 each year) was higher than A. poecilorhyncha (84-9 
108 each year)38-40, this study will help in developing the breeding program strategy and 10 
selection for the Tegal duck. Thus, a new approach on selection for identification and 11 
selection on superior domestic ducks based on the integration of morphological and 12 
physiological characterization with molecular characterization may be achieved.  13 
 14 
5. Conclusion 15 
In conclusion, phylogenetic analysis based on the nuclear 18S rRNA gene and 16 
mitochondrial COI gene characterization  was gain representative identification of the 17 
Tegal duck. The Tegal duck had showed close genetic relationship with  A. 18 
platyrhynchos  and A. poecilorhyncha. 19 
 20 
Significance Statements  21 
 22 
This study discover that integration of both genetic markers 18S rRNA and COI gene 23 
had provided a comprehensive genetic information for Tegal duck and showed their 24 
close similarities with not only A. plathyrhyncos but also A. poecilorhyncha. The 25 
22 
 
identification of domestic duck species and genetic variation would be very useful to 1 
gain consistency of the progeny and the egg production. Thus, this study provide a new 2 
approach on identification  and selection on superior domestic ducks based on the 3 
integration of morphological and physiological characterization with molecular 4 
characterization to guide the development of breeding program for Tegal duck and 5 
possibly for another local duck in Indonesia.  6 
 7 
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Table 1. The 18S rRNA and mitochondrial COI gene sequences of Anas species from 1 
GenBank used in this study 2 
Species Accesion number 
A. platyrhynchos voucher NHMO-BC399  GU571240.1 
A. platyrhynchos  EU123318.1 
A. platyrhynchos isolate Moulard AF23  FJ416869.1 
A. platyrhynchos AF173614.1 
A. platyrhynchos D38362.1 
A. platyrhynchos EU009397.1 
A. platyrhynchos breed Beijing EU755252.1 
A. platyrhynchos breed Sichuan KX592536.1 
A. platyrhynchos breed Longsheng KJ739616.1 
A. platyrhynchos KJ778676.1 
A. platyrhynchos breed mallard EU755253.1 
A. platyrhynchos breed Xilin KJ833586.1 
A. platyrhynchos voucher DCB-WD1 KF992022.1 
A. platyrhynchos KJ883269.1 
A. platyrhynchos breed Rongshui KJ833587.1 
A. platyrhynchos KJ637997.1 
A. platyrhynchos KJ689447.1 
A. platyrhynchos breed Shaoxing HM010684.1 
A. platyrhynchos breed Jianchang FJ167857.1 
A. bahamensis FJ027081.1 
A. rubripes AY666221.1 
A. laysanensis JF498830.1 
A. superciliosa JN801396.1 
A. flavirostris  N01487.1 
A. crecca  GU571238.1 
A. laysanensis JF498830.1 
A. poecilorhyncha JN703235.1 
A. poecilorhyncha AY164517.1 
A. poecilorhyncha KC466567.1 
A. poecilorhyncha EU009397.1 
A. poecilorhyncha KF156760.1 
A. poecilorhyncha KF751616.1 
A. poecilorhyncha JN793235.1 
A. fulvigula DQ432723.1 
A. georgica FJ027095.1 
A. acuta GU571235.1 
A. carolinensis DQ434280.1 
 3 
 4 
 5 
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Table 2. Base substitutions in the Tegal duck COI gene fragment compared with those 1 
of several A. platyrhynchos and A. poecilorhyncha species 2 
 Tegal Duck and A. 
platyrhynchos 
Tegal Duck and A. 
poecilorhyncha 
Position of base 
substitution  
7 (T→A),12(C→T),24 
(T→C), 27(C→T), 
732(T→C), 739(T→A), 
740(T→C, 744 (C→A) 
7 (T→A), 12(C→T),24 
(T→C), 732(T→C), 
739(T→A), 740(T→C), 
744(C→A) KF156760, 
KF751616, 27(C→T) 
KC466567,  
Type of base 
substitution  
7(transversion), 12(transition), 
24 (transition), 27(transition), 
732(transition), 
739(transversion), 
740(transition), 
744(transversion) 
7(transversion), 12(transition), 
24 (transition), 27(transition) 
732(transition), 
739(transversion), 
740(transition), 
744(transversion) 
Position of base 
insertion 
746 (C→−) 746(C→−) 
 3 
 4 
 5 
Table 3. Maximum likelihood estimation of substitution matrix 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
Note: The probability of substitution (r) from one base (row) to another base (column). 14 
Rates of different transversion substitutions are shown in italics, and those of transition 15 
substitutions are shown in bold.  16 
 17 
 18 
  A T/U C G 
A - 0.65 1.05 24.06 
T/U 0.70 - 22.55 0.50 
C 0.70 13.87 - 0.50 
G 33.72 0.65 1.05 - 
30 
 
 1 
                                                                                   2 
 3 
Figure 1. The 18S rRNA fragment of the Tegal duck (lane 1 = 18S rRNA fragment, lane 4 
2 = 1 kb DNA ladder) 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
1000 bp 
500 bp 
1500 bp 
485 bp 
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                          *        20         *        40                     1 
A.platyEU123318: CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 2 
A.platyAF173614: CCATGCATGTGTAAGTACACACGGGCGGTACAGTGAAACT : 45 3 
Tegal Duck     : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 4 
 5 
                          *        60         *        80         6 
A.platyEU123318: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 7 
A.platyAF173614: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 85 8 
Tegal Duck     : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 9 
                   10 
                          *       100         *       120       11 
A.platyEU123318: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 12 
A.platyAF173614: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 125 13 
Tegal Duck     : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 14 
 15 
                          *       140         *       160               16 
A.platyEU123318: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 160 17 
A.platyAF173614: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 165 18 
Tegal Duck     : TAATACATGCTGACGAGCGCCGACCTCCGGGGACGCGTGC : 160 19 
                   20 
                          *       180         *       200       21 
A.platyEU123318: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 200 22 
A.platyAF173614: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 205 23 
Tegal Duck     : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 200 24 
 25 
                          *       220         *       240          26 
A.platyEU123318: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 240 27 
A.platyAF173614: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 245 28 
Tegal Duck     : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 240 29 
                   30 
                          *       260         *       280          31 
A.platyEU123318: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 280 32 
A.platyAF173614: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 285 33 
Tegal Duck     : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 280 34 
                   35 
                          *       300         *       320       36 
A.platyEU123318: TTCGATGGTAGTGTCTGTGCCTACCATGGTGACCACGGGTA: 321 37 
A.platyAF173614: TTCGATGGTACTGTCTGTGCCTACCATGGTGACCACGGGTA: 326 38 
Tegal Duck     : TTTGATGGTAGTGTCTGTGCCTCCCATGGTGACCACGGGTA: 321 39 
                   40 
                         *       340         *       360             41 
A.platyEU123318: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 363 42 
A.platyAF173614: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 368 43 
Tegal Duck     : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 363 44 
                   45 
                       *       380         *       400              46 
A.platyEU123318: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 404 47 
A.platyAF173614: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 409 48 
Tegal Duck     : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 404 49 
                   50 
                      *       420         *       440                 51 
A.platyEU123318: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 445 52 
A.platyAF173614: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 450 53 
32 
 
Tegal Duck     : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 445 1 
                                              2 
                     *       460         *       480       3 
A.platyEU123318: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:486 4 
A.platyAF173614: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:490 5 
Tegal Duck     : ACAGGACTCTTTCGAGGCCCAGTAATTG-AATGAGTCCACT:485 6 
                            7 
Figure 2. Comparison of 18S rRNA sequences of the Tegal duck and the interspecies A. 8 
platyrynchos. Orange box indicates a transition mutation, and blue box 9 
indicates a transversion mutation. 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
Figure 3. The COI gene fragment of the Tegal duck (lane 1 = 100 bp DNA Ladder, 2 =  20 
               COI gene fragment  21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
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 10 00 bp  
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 1 
 2 
Figure 4. The phylogenetic relationship of the COI gene fragment of Tegal duck with A. 3 
platyrhynchos and A. poecilorhyncha 4 
 5 
 6 
 7 
 8 
 9 
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 1 
                       *        20         *        40         *        60                   2 
Tegal duck   :cacaaagacattggcactctatac....................................: 60 3 
A.laysanensis:-----------------...........................................: 43 4 
A.rubripes   :-------------------.................A.......................: 41 5 
A.flavirostri:...........C.............................G..T...............: 60 6 
A.crecca     :.................C..........................................: 60  7 
A.carolinensi:---------------.............................................: 45 8 
A.acuta      :------------........G.......................................: 48 9 
A.bahamensis :------------------..........................................: 42 10 
A.georgica   :------------------..........................................: 42 11 
A.supercilio :-----------------------------------------------------------.: 1 12 
A.fulvigulari:-----------------...........................................: 43 13 
                                      cttatcttcggggcatgagccggaataattggcacA       14 
                                       L  I  F  G  A  W  A  G  M  I  G  T   15 
 16 
 17 
                       *        80         *       100         *       120              18 
Tegal duck   :............................................................:120 19 
A.laysanensis:..........................G..G..............................:103 20 
A.rubripes   :..........................G.................................:101 21 
A.flavirostri:...........G..A.....C..............A........................:120 22 
A.crecca     :.....T..............C..............A.....A..................:120  23 
A.carolinensi:...........G..A.....C..............A.....A..................:105 24 
A.acuta      :....................C....................A........A.........:108 25 
A.bahamensis :............T.......C....................A..................:102 26 
A.georgica   :..............A.....C....................A..................:102 27 
A.supercilio :............................................................: 61 28 
A.fulvigulari:..........................G.................................:103 29 
              GCACTcAGCCTacTgATCCGgGCAGAaCTaGGCCAgCCAGGgACCCTCCTgGGCGACGAC       30 
               A  L  S  L  L  I  R  A  E  L  G  Q  P  G  T  L  L  G  D  D  31 
 32 
                       *       140         *       160         *       180              33 
Tegal duck   :............................................................:180 34 
A.laysanensis:............................................................:163 35 
A.rubripes   :............................................................:161 36 
A.flavirostri:...................................T.................A......:180 37 
A.crecca     :........C.....A...........C........T.......................A:180 38 
A.carolinensi:........C.....A...........C........T........................:165 39 
A.acuta      :........C..........................T...........T............:168 40 
A.bahamensis :........C.................C..T.....T...........T............:162 41 
A.georgica   :...................................T...........T............:162 42 
A.supercilio :............................................................:121 43 
A.fulvigulari:...........................................................A:163 44 
              CAAATTTAtAACGTgATCGTCACCGCtCAcGCCTTcGTAATAATCTTcTTCATgGTAATg       45 
               Q  I  Y  N  V  I  V  T  A  H  A  F  V  M  I  F  F  M  V  M   46 
 47 
                         *       200         *       220       *       240                     48 
Tegal duck   :............................................................:240 49 
A.laysanensis:............................................................:223 50 
A.rubripes   :.................................A..........................:241 51 
A.flavirostri:..............G..A..T.........C..........A..................:240 52 
A.crecca     :........G........A..............A........A........C.....T...:240 53 
A.carolinensi:.................A..............A........A..G...............:225 54 
A.acuta      :..............G..A.......................A..................:228 55 
A.bahamensis :.................A.......................A........C.........:222 56 
A.georgica   :..T..............A..........................................:222 57 
A.supercilio :............................................................:181 58 
A.fulvigulari:............................................................:223 59 
              CCcATCATaATTGGaGGgTTcGGCAACTGAtTggTCCCCCTgATaATCGGtGCCCCcGAC       60 
               P  I  M  I  G  G  F  G  N  W  L  V  P  L  M I  G  A  P  D   61 
 62 
                       *       260         *       280         *       300               63 
Tegal duck   :............................................................:300 64 
35 
 
A.laysanensis:............................................................:283 1 
A.rubripes   :............................................................:301 2 
A.flavirostri:............................................G..G...........A:300 3 
A.crecca     :...........................................................C:300 4 
A.carolinensi:....................T.......................C...............:285 5 
A.acuta      :............................................................:288  6 
A.bahamensis :............................................................:282 7 
A.georgica   :............................................................:282 8 
A.supercilio :............................................................:241 9 
A.fulvigulari:............................................................:283                 10 
              ATaGCATTCCCACGAATAAAcAACATAAGCTTCTGACTCCTCCCaCCaTCATTCCTCCTt  11 
               M  A  F  P  R  M  N  N  M  S  F  W  L  L  P  P  S  F  L  L   12 
               13 
                       *       320         *       340         *       360                     14 
Tegal duck   :......................................G.....................:360 15 
A.laysanensis:......................................A.....................:343 16 
A.rubripes   :......................................A.....................:361 17 
A.flavirostri:.................C.................C..A...........G........C:360 18 
A.crecca     :..............T..C...........G..C.....A...........G........C:360 19 
A.carolinensi:..............T.................C.....A..A........G........C:365 20 
A.acuta      :.....T.................G..C.....C..C..A...........G.....G..C:348 21 
A.bahamensis :.....T.................G..C.....C..C..A...........G........C:342 22 
A.georgica   :.....T........T...........C.....C..C..A...........G.....G..C:342 23 
A.supercilio :......................................A.....................:301 24 
A.fulvigulari:......................................A.....................:343 25 
              CTACTcGCCTCATCcACtGTAGAaGCtGGcGCtGGtAC GGtTGAACCGTaTACCCaCCt               26 
               L  L  A  S  S  T  V  E  A  G  A  G  T  G  W  T  V  Y  P  P   27 
 28 
                       *       380         *       400         *       420                     29 
Tegal duck   :............................................................:420 30 
A.laysanensis:............................................................:403 31 
A.rubripes   :............................................................:421 32 
A.flavirostri:..............G.................G..A........................:420 33 
A.crecca     :..............G....................A.....A...........C......:420 34 
A.carolinensi:..............G....................A.....A...........G......:425 35 
A.acuta      :..............G...........G........A........C...........C...:408 36 
A.bahamensis :..............G....................A........C...........C...:402 37 
A.georgica   :..............G.................G..A........C...........C...:402 38 
A.supercilio :............................................................:361 39 
A.fulvigulari:............................................................:403 40 
              CTAGCAGGCAACCTaGCCCACGCCGGaGCCTCaGTgGACCTgGCtATCTTCTCaCTtCAC                41 
               L  A  G  N  L  A  H  A  G  A  S  V  D  L  A  I  F  S  L  H 42 
 43 
                      *       440         *        460         *       480   44 
Tegal duck   :.....T......................................................:480 45 
A.poecilorhyn:.....T......................................................:463 46 
A.rubripes   :.....C......................................................:481 47 
A.flaviros   :..A..C......................................................:480 48 
A.crecca     :..A..C....................G.................................:480 49 
A.carolinensi:..A..C....................G.....................G...........:485 50 
A.acuta      :..A..C...................................C...........T......:438 51 
A.bahamensis :..A..C.............................T.....C...........T......:462 52 
A.georgica   :..A..C.............................T.....C...........T......:462 53 
A.supercilio :.....C......................................................:421 54 
A.fulvigulari:.....C......................................................:463 55 
              CTgGC GGTGTCTCCTCCATCCTCGGaGCCATTAAcTTCATtACCACaGCCATcAACATA       56 
               L  A  G  V  S  S  I  L  G  A  I  N  F  I  T  T  A  I  N  M    57 
 58 
                        *       500         *       520        *       540           59 
Tegal duck   :............................................................:540 60 
A.laysanensis:............................................................:523 61 
A.rubripes   :............................................................:541 62 
A.flavirostri:.........................................T.....G............:540 63 
A.crecca     :.........T..........G..........................G............:540 64 
A.carolinensi:....................G.......................................:545 65 
A.acuta      :.......................T.....A.....C...........G............:528 66 
36 
 
A.bahamensis :....................G..T...........C........................:522 1 
A.georgica   :.......................T...........C........................:522 2 
A.supercilio :............................................................:481 3 
A.fulvigulari:............................................................:523 4 
              AAACCCCCcGCACTCTCACAaTAcCAAACcCCACTtTTCGTcTGATCaGTCCTAATTACC       5 
               k  P  P  A  L  S  Q  Y  Q  T  P  L  F  V  W S  V  L  I  T   6 
  7 
                       *       560         *       580         *       600     8 
Tegal duck   :............................................................:600 9 
A.laysanensis:............................................T...............:583 10 
A.rubripes   :............................................................:601 11 
A.flavirostri:........A.........................................A...T.....:600 12 
A.crecca     :........A..................T................................:600 13 
A.carolinensi:...............................................G............:605 14 
A.acuta      :......................................................T.....:588 15 
A.bahamensis :..T.........................................................:582 16 
A.georgica   :............................................................:582 17 
A.supercilio :............................................................:541 18 
A.fulvigulari:............................................................:583 19 
              GCcATCCTgCTCCTCCTATCACTCCCcGTCCTCGCCGCCGGCATcACaATgCTAcTAACC       20 
               A  I  L  L  L  L  S  L  P  V  L  A  A  G  I  T  M  L  L  T 21 
 22 
 23 
                       *       620         *       640         *       660                     24 
Tegal duck   :............................................................:660 25 
A.laysanensis:............................................................:643 26 
A.rubripes   :..................T.........................................:661 27 
A.flavirostri:.............................C..C........A..................:660 28 
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Figure 5. Similarity analysis of the COI gene fragment of the Tegal duck compared with 53 
other members of the genus Anas  54 
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Figure 6. Phylogenetic evolutionary tree of the COI gene displaying the evolutionary 2 
relationship of the Tegal duck within a lineage shared by other members of 3 
Anas species. The scale bar in the upper right represents 0.05 substitutions 4 
per nucleotide site 5 
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Abstract
Background and Objective: Tegal duck is a domestic waterfowl species known as a major producer of eggs that is traditionally used for
making the famous salted egg by the local people. This study aimed to analyze the phylogenetic relationship of the Tegal duck through
the gene encoding 18S ribosomal RNA (rRNA) and mitochondrial cytochrome oxidase I (COI). Methodology: We amplified and sequenced
part of the 18S rRNA and COI  gene of Tegal duck. These data were used to determine their similarity with other Anas  species retrieved
from GenBank and analyzing phylogenetic relationship. Results:  The  size  of  the  PCR  product  of  partial  18S  rRNA  was  approximately
485 bp, whereas the size of the partial mitochondrial DNA (mtDNA) of the COI  gene sequence was 751 bp. The 18S rRNA data showed
that the Tegal duck is closely related to A. platyrhynchos  (84.4% similarity). The COI  gene data of the Tegal duck confirmed this
relationship, with 99% homology with A.  platyrhynchos  voucher NHMO-BC399. However, the COI  gene  fragment  of  the  Tegal  duck
also  showed  99%  homology  with  A.  poecilorhyncha.  Conclusion:  Tegal  duck  has  a  close  phylogenetic  relationship  with  not  only
A.  platyrhynchos  but also  A.  poecilorhyncha.
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INTRODUCTION
Duck is a dominant livestock with economic importance
in Tegal, Central Java, Indonesia, which has the highest
population after Brebes and Klaten Regencies. This region is
popularly known as center for the highest quality salted duck
eggs. Their egg production is unstable and showed tendency
to decrease1. Morphological and physiological characterization
has been commonly used for duck breeding programs. It
resulted  in  instability  of  the  progeny  and  the  product2,3.
The  characteristics  of  Tegal   ducks  have  been  considered
to be typologically similar with those of mallard (Anas
platyrhynchos)2-4. Their variative phenotypes such as beak
color, head color and tail, have been confusing in making
decisions regarding in animal breeding4,5. Moreover, the origin
of the domestic duck in Asia is still debatable6-8. Genetic
characterization of this duck is important to improve egg
production in Tegal. It is known that genetic variation is
responsible for phenotypic traits. Therefore, it is very
important to analyze genetic characteristics of the domestic
Tegal duck for breeding program, with the possibility through
their advantages. Genetic identification of the Tegal duck is
conducted using two DNA barcoding methods consisting of
nuclear and `mitochondrial DNA (mtDNA). The combination
of mitochondrial and nuclear genes produce more credible
species delineations than those based on a single gene9.
Detection of nuclear DNA is limited due to the general low
copy number of sequences and differs from the several copies
of mtDNA per cell10,11. Mutation and recombination in the
nucleus create variety in the nuclear genes, while mutation is
the primary source of sequence variation in animal
mitochondria. All processes can be the material for the
identification of genetically related species10,11. Based on
recent studies, COI  gene has been effective to identify species
in poultry because of their high mutation rate, which was
sufficient to discriminate amongst species11. The advantage of
mtDNA is supported at faster nucleotide substitution and lack
of recombination11,12-14. In addition, mitochondrial genome is
maternally inherited8,15-18. Thus, COI gene can be used in
differentiating taxonomial class starting from the level of
intraspecies to ordo, for example Copepoda evolution12,14.
Another  DNA  barcodes  suitable  for  animal  identification  is
18S rRNA gene, the central component of ribosome. This
region is one of the most conserved genes in all cells14,19,20.
Phylogenetic analysis based on molecular characterization of
Tegal duck species will be important for searching a stable
product for improving breeding strategies for Indonesian
domestic ducks. Molecular identification of most members of
the genus Anas  has generally been  performed  using  the COI
mitochondrial gene. However, since 18S rRNA is also a reliable
molecular barcode, it would be better if the phylogenetic
analysis is performed using both of these genetic markers. In
the present study, variations in mtDNA and ribosomal DNA is
investigated to determine the phylogenetic relationships of
the Tegal duck species at the molecular level.
MATERIALS AND METHODS
Specimen  collection  and  DNA  extraction:  Tegal  ducks  at
3 months of age were obtained from the Center of Breeding
Poultry in Banyubiru Semarang, Department of Animal
Husbandry and Animal Health in Central Java Province,
Indonesia. The DNA samples were extracted from the tissue
samples of the Tegal ducks21.
PCR  amplification  and  DNA  sequencing:  The  amplification
of the 18S rRNA and COI  gene in the mtDNA was used
extracted   genomic   DNA.   The   COI   forward   primer   was
5-TTCTCCAACCACAAAGACATTGGCAC-3 and the reverse
primer was 5-ACGTGGGAGATAATTCCAAATCCTG-3 22. For the
18S rRNA gene, a universal primer was used with the forward
primer  5-GTAGTCATATGCTTGTCT-3  and  the  reverse  primer
5-GCTGGCACCACACTTGCCCT-3. The  PCR  for  the  COI  gene
was performed in a Mini Thermal Cycler (Eppendorf,
Germany). The initial denaturation step was conducted at
95EC  for  5 min.  The  next  steps  were  35  cycles  at  95EC  for
30 sec, 54EC for 30 sec, 72EC for 30 sec and a final extension
step at 72EC for 7 min. The PCR for the 18S rRNA gene was
used an initial denaturation step at 94EC for 2 min. The PCR
consist of 30 cycles at 94EC for 1 min, 55EC for 1 min, 72EC for
1 min. The final extension step at 72EC for 2 min. Purification
and  sequencing  of  the  PCR  products  were  performed  by
1st Base Singapore.
Data analysis: For data analysis, published sequences of some
members from the genus Anas were downloaded from
GenBank. Sequence data of the duck COI  gene and 18S rRNA
are listed in Table 1. Sequences were aligned using the
ClustalX program23. Identification of nucleotide variations in
duck species and construction of the neighbor-joining
phylogenetic tree were conducted using MEGA software
version 5 (Japan, www.megasoftware.net)24. The phylogenetic
tree  was  constructed  by  substitution  model  using  the
Jukes-Cantor model. It assumes equal base frequencies and
equal mutation rates. The rate of nucleotide substitution is the
same for every pair of nucleotides. Frequencies of A, T, C and
G will eventually become equal to 0.2525,26.
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Table 1: The 18S rRNA and mitochondrial COI  gene sequences of Anas  species
from GenBank used in this study
Species Accesion number
A. platyrhynchos  voucher NHMO-BC399 GU571240.1
A. platyrhynchos EU123318.1
A. platyrhynchos  isolate Moulard AF23 FJ416869.1
A. platyrhynchos AF173614.1
A. platyrhynchos D38362.1
A. platyrhynchos EU009397.1
A. platyrhynchos  breed Beijing EU755252.1
A. platyrhynchos  breed Sichuan KX592536.1
A. platyrhynchos  breed Longsheng KJ739616.1
A. platyrhynchos KJ778676.1
A. platyrhynchos  breed mallard EU755253.1
A. platyrhynchos  breed Xilin KJ833586.1
A. platyrhynchos  voucher DCB-WD1 KF992022.1
A. platyrhynchos KJ883269.1
A. platyrhynchos  breed Rongshui KJ833587.1
A. platyrhynchos KJ637997.1
A. platyrhynchos KJ689447.1
A. platyrhynchos  breed Shaoxing HM010684.1
A. platyrhynchos  breed Jianchang FJ167857.1
A. bahamensis FJ027081.1
A. rubripes AY666221.1
A. laysanensis JF498830.1
A. superciliosa JN801396.1
A. flavirostris N01487.1
A. crecca GU571238.1
A. laysanensis JF498830.1
A. poecilorhyncha JN703235.1
A. poecilorhyncha AY164517.1
A. poecilorhyncha KC466567.1
A. poecilorhyncha EU009397.1
A. poecilorhyncha KF156760.1
A. poecilorhyncha KF751616.1
A. poecilorhyncha JN793235.1
A. fulvigula DQ432723.1
A. georgica FJ027095.1
A. acuta GU571235.1
A. carolinensis DQ434280.1
RESULTS AND DISCUSSION
Amplification  of  18S  rRNA  gene  by  universal  primer:
Figure 1 shows the products of the Tegal duck 18S rRNA
amplification. The annealing temperature that showed
positive bands and exhibited the best sequencing results was
55EC. These data confirmed that the primer we chose in this
study was suitable for amplifying the conserved region in the
Tegal duck. The size of the PCR product of the 18S rRNA
fragment was approximately 485 bp. These sequences
showed  high  homology  with  18S  rRNA  partial  sequences 
of  A.   platyrhynchos    (accession   number   EU123318.1)   and
A.  platyrhynchos  (accession number AF173614.1).
The sequencing results of the PCR product of the partial
fragment of 18S rRNA gene  of  the  Tegal  duck  showed  close
Fig. 1: The 18S rRNA fragment of the Tegal duck
lane 1 = 18S rRNA fragment, lane 2 = 1 kb DNA ladder
homology with those of A.  platyrhynchos  (Fig. 2). Sequence
of the 18S rRNA fragment with gene resources from GenBank
showed  approximately  99%  similarity  between  the  Tegal
duck and A.  platyrhynchos  (accession number EU123318.1)
from Saudi Arabia, A. platyrhynchos (accession number
AF173614.1) from the USA  and  A.  platyrhynchos  (accession
number D38362.1) from Ibaraki, Japan. Approximately 98%
similarity was also observed between the Tegal duck and the
A. platyrhynchos isolate Moulard AF23 (accession number
FJ416869.1) but only in the short region (data not shown). The
18S rRNA sequences from Tegal duck and A. platyrhynchos
species   identified   98   and   99%   similarity   in   the   region.
A.  platyrhynchos  was  grouped  with  A.  poecilorhyncha  and
had 0.0047% difference26. This result also supported the idea
that the region with high intra-species conservation, such as
the 18S rRNA genes with similarities close to 100%, could be
used for species-level analyses in the case of copepods12.
Analysis and comparison of the sequences of the Tegal duck
and A. platyrhynchos identified six single nucleotide
polymorphisms and one deletion in the conserved 18S rRNA
region. The transition and transversion mutation can be seen
in Fig. 2 accomplished by a deletion at position 474 bp.
The sequencing result of the PCR product followed by
similarity analysis for the Tegal duck showed close homology
with  those  of  the  18S  rRNA  gene  of  A.  platyrhynchos.  The
18S rRNA sequences of the Tegal duck and A. platyrhynchos 
exhibited   conserved   regions   between   the   sequences. 
The   18S     rRNA     region     was      also      highly      conserved
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Fig. 2: Comparison of 18S rRNA sequences of the Tegal duck and the interspecies A.  platyrynchos
Orange box indicates a transition mutation and blue box indicates a transversion mutation
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 * 20 * 40  
A.platyEU123318: CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 
A.platyAF173614: CCATGCATGTGTAAGTACACACGGGCGGTACAGTGAAACT : 45 
Tegal Duck : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT : 40 
 
 * 60 * 80  
A.platyEU123318: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 
A.platyAF173614: GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 85 
Tegal Duck : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC : 80 
  
 * 100 * 120  
A.platyEU123318: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 
A.platyAF173614: TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 125 
Tegal Duck : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC : 120 
 
 * 140 * 160  
A.platyEU123318: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 160 
A.platyAF173614: TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC : 165 
Tegal Duck : TAATACATGCTGACGAGCGCCGACCTCCGGGGACGCGTGC : 160 
  
 * 180 * 200  
A.platyEU123318: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 200 
A.platyAF173614: ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 205 
Tegal Duck : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT : 200 
 
 * 220 * 240  
A.platyEU123318: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 240 
A.platyAF173614: TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 245 
Tegal Duck : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC : 240 
  
 * 260 * 280  
A.platyEU123318: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 280 
A.platyAF173614: GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 285 
Tegal Duck : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT : 280 
  
 * 300 * 320  
A.platyEU123318: TTCGATGGTAGTGTCTGTGCCTACCATGGTGACCACGGGTA: 321 
A.platyAF173614: TTCGATGGTACTGTCTGTGCCTACCATGGTGACCACGGGTA: 326 
Tegal Duck : TTTGATGGTAGTGTCTGTGCCTCCCATGGTGACCACGGGTA: 321 
  
 * 340 * 360  
A.platyEU123318: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 363 
A.platyAF173614: ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 368 
Tegal Duck : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA: 363 
  
 * 380 * 400  
A.platyEU123318: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 404 
A.platyAF173614: ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 409 
Tegal Duck : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA: 404 
  
 * 420 * 440  
A.platyEU123318: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 445 
A.platyAF173614: CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 450 
Tegal Duck : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT: 445 
  
 * 460 * 480  
A.platyEU123318: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:486 
A.platyAF173614: ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT:490 
Tegal Duck : ACAGGACTCTTTCGAGGCCCAGTAATTG-AATGAGTCCACT:485 
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among  species  and  had  been  used  for  species-level
analyses  for  example  A.  rubripes8  and  copepods12.
Amplification of Tegal duck COI  gene: The Tegal duck’s
partial fragment of the COI  gene of approximately 751 bp are
shown in Fig. 3. This  COI  gene  fragment  showed  99%
similarity   with    sequences    from    A.    poecilorhyncha    and
A. platyrhynchos.
Homology  analysis  revealed  that  the  Tegal  duck
shared   a   common   ancestor   with   A.   poecilorhyncha   and
A. platyrhynchos, as illustrated on its cladogram (Fig. 4).
Similarity analysis of the COI  gene fragment of 751 bp length
revealed    that    the    Tegal    duck,    compared    with    some
A. platyrhynchos  species, had several base substitutions as
detailed in Table 2. The difference between A. platyrhynchos
and A.  poecilorhyncha  was the position of the COI  gene in
the complete mitochondrial genome. The A. platyrhynchos
COI  gene consistently stayed at position 6476-7225, whereas
the A. poecilorhyncha COI gene was found at several
positions, such as 5426-6175 in A.  poecilorhyncha  (accession
number KF156760.1) and A. poecilorhyncha (accession
number KC466567.1) but at other positions such as 6476-7225
in A.  poecilorhyncha  (accession number KF751616.1).
The    cladogram    on    Fig.    4     indicates     that     some
A.  platyrhynchos  and A.  poecilorhyncha  species had been
bred and had a descendant possessing both of their
characters, whereas others still retained the dominant original
character  of  A.  poecilorhyncha.  The COI gene of Tegal duck
showed   a   unique   character   combination   resemble   with
13 subspecies A.  platyrhynchos  and it also gained the
character of 3 subspecies of A. poecilorhyncha. This result
strongly implied that the domestic Tegal ducks from Indonesia
may  have  ancestral  A.  platyrhynchos  predominantly  and
also little character of A. poecilorhyncha  species. Similarity
analysis of the COI gene fragment with a length of 751 bp
showed that the Tegal duck had several base substitutions
almost in the same position as that in some A. platyrhynchos
and   A.   poecilorhyncha   species.   We   have   resumed   some
differences in bases substitution, transition and transversion
among A.  platyrhynchos  and A.  poecilorhyncha  as depicted
in Table 2.
Further  analysis  also  found  99-100%  similarity  in  the
COI  gene  of  the  Tegal  duck  with  other  members  of  the
Anas genus as shown in Fig. 5. They exhibited some variations
in this region, all  with  respect  to  species  in  the  genus Anas.
In all the COI  gene fragments, the rate of transition was higher
than the rate of transversion.
Similarity analysis of the  COI  gene  sequences of the
Tegal duck  in  comparison  with  the  mitochondrial  COI  gene
of other members of the Anas genus identified 99-100%
similarity  in  their  COI  regions.  However,  the  differences
among members in the genus Anas  is much greater than the
difference  between  Tegal  duck  with  A.  platyrhynchos  and
A. poecilorhyncha.
Similarity analysis also revealed the number of base
substitutions between the Tegal duck and A. platyrhynchos
with transition mutation in three base positions and a
transversion mutation in three base positions, which can be
used to distinguish between species. This result creates a bias
in the  ratio  of  the  number  of  transitions  to  the  number  of
transversions. As shown in Table 3, the maximum likelihood
estimation of transition/transversion bias (R) for all the 
sequences is 15.30, which was still within the range for
mtDNA27. The probability of transition was greater than that of
Fig. 3: The COI  gene fragment of the Tegal duck
lane 1 = 100 bp DNA Ladder, 2 = COI  gene fragment
Table 2: Base substitutions in the Tegal duck COI gene fragment compared with those of several A. platyrhynchos  and A.  poecilorhyncha  species
Tegal Duck and A. platyrhynchos Tegal Duck and A. poecilorhyncha
Position of base substitution 7 (T÷A),12(C÷T),24 (T÷C), 27(C÷T), 732(T÷C), 739(T÷A), 7 (T÷A), 12(C÷T),24 (T÷C), 732(T÷C), 739(T÷A), 740(T÷C),
740(T÷C, 744 (C÷A) 744(C÷A) KF156760, KF751616, 27(C÷T) KC466567
Type of base substitution 7(transversion), 12(transition), 24 (transition), 27(transition), 7(transversion), 12(transition), 24 (transition), 27(transition)
732(transition), 739(transversion), 740(transition), 732(transition), 739(transversion), 740(transition),
744(transversion) 744(transversion)
Position of base insertion 746 (C÷-) 746(C÷-)
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A. poecilorhynchaKC466567
EU009397A. platyrhynchos
BeijingEU755252A. platyrhynchos
A. platyrhynchosSichuanKX592536
LongshengKJ739616A. platyrhynchos
A. platyrhynchosKJ778676
A. platyrhynchosmallardEU755253
A. platyrhynchosXilinKJ833586
A. platyrhynchosDCBWDKF992022
A. platyrhynchosKJ883269
A. platyrhynchosRongshuiKJ833587
A. platyrhynchosKJ637997
A. platyrhynchosKJ689447
A. platyrhynchosShaoxingHM010684
A. platyrhynchosJianchangFJ167857
KF751616A. poecilorhyncha
KF156760A. poecilorhyncha
Tegal duck
JN801396A. superciliosa
64
82
61
Fig. 4: The phylogenetic relationship of the COI  gene fragment of Tegal duck with A. platyrhynchos  and A.  poecilorhyncha
Table 3: Maximum likelihood estimation of substitution matrix
A T/U C G
A - 0.65* 1.05* 24.06**
T/U 0.70* - 22.55** 0.50*
C 0.70* 13.87** - 0.50*
G 33.72** 0.65* 1.05* -
The probability of substitution (r) from one base (row) to another base (column), *Rates of different transversion substitutions are shown, **Those of transition
substitutions are shown
transversion, indicating that the changes in the COI gene of
the Tegal duck could be silent mutations and therefore do not
significantly alter the genes to ensure its taxon in the Anas
group.
The amino acid analysis of the COI gene from the
members  of  the  Anas  genus  showed the characteristics of
the mitochondrial genetic code, in which codon AUA is used
to encode methionine. Furthermore, codon UGA, usually a
termination codon, codes for tryptophan. The nucleotide
frequencies  are  A = 24.06%,  T/U = 22.38%,  C = 36.39%  and
G = 17.17%. These COI  regions generally have the highest
transition/transversion ratios and are more significant in
closely related species. In general, the percentage of amino
acids in the COI  gene fragment in Tegal duck is dominated by
alanine (14.5%), followed by isoleucine (13.9%), leucine and
glycine (13.2%). It is also observed that codons ending in C are
always the most frequently observed in the COI  gene of Anas,
followed by codons ending in T and then A or G. Codons
ending in C appear to be somewhat more frequently used
than those ending in T, among the twofold degenerate
codons. The least common third position nucleotide in all
categories, except for arginine and glycine codons, is codon G
(G having the same frequency with C and T but less than A).
The  number  of  base  substitutions  in  the  Tegal  duck  and
A. platyrhynchos with both transition and transversion
mutations in three base positions can be used to distinguish
between species. The probability of transition substitution was
higher than that of transversion substitution, wherein the
substitution of adenine with guanine and vice versa was the
greatest. This is affected by the similarity of their molecular
structure. Therefore, the probability is smaller for transversion
substitution, which is caused by the purine and pyrimidine
nucleotides that have a different larger molecular structure27.
The substitution at the nitrogen bases causes a mismatch in
the sequence and there is turnover among the same base
pairs (transitions) and the base pairs with its opponent
(transversion).
The principal problem of evolution in the nuclear and
mitochondrial genomes is a mutation that changes the genes.
A   gene   or   DNA   sequence   with   a    mutation    will    cause
nucleotide substitution that might be spread into the
population   by   natural    selection    and    genetic    drift    and
6
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Fig. 5: Continue
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* 20 * 40 * 60  
Tegal duck :cacaaagacattggcactctatac....................................: 60 
A.laysanensis:-----------------...........................................: 43 
A.rubripes :-------------------.................A.......................: 41 
A.flavirostri:...........C.............................G..T...............: 60 
A.crecca :.................C..........................................: 60  
A.carolinensi:---------------.............................................: 45 
A.acuta :------------........G.......................................: 48 
A.bahamensis :------------------..........................................: 42 
A.georgica :------------------..........................................: 42 
A.supercilio :-----------------------------------------------------------.: 1 
A.fulvigulari:-----------------...........................................: 43 
 cttatcttcggggcatgagccggaataattggcacA  
 L I F G A W A G M I G T  
 
 
 * 80 * 100 * 120  
Tegal duck :............................................................:120 
A.laysanensis:..........................G..G..............................:103 
A.rubripes :..........................G.................................:101 
A.flavirostri:...........G..A.....C..............A........................:120 
A.crecca :.....T..............C..............A.....A..................:120  
A.carolinensi:...........G..A.....C..............A.....A..................:105 
A.acuta :....................C....................A........A.........:108 
A.bahamensis :............T.......C....................A..................:102 
A.georgica :..............A.....C....................A..................:102 
A.supercilio :............................................................: 61 
A.fulvigulari:..........................G.................................:103 
 GCACTcAGCCTacTgATCCGgGCAGAaCTaGGCCAgCCAGGgACCCTCCTgGGCGACGAC  
 A L S L L I R A E L G Q P G T L L G D D  
 
 * 140 * 160 * 180  
Tegal duck :............................................................:180 
A.laysanensis:............................................................:163 
A.rubripes :............................................................:161 
A.flavirostri:...................................T.................A......:180 
A.crecca :........C.....A...........C........T.......................A:180 
A.carolinensi:........C.....A...........C........T........................:165 
A.acuta :........C..........................T...........T............:168 
A.bahamensis :........C.................C..T.....T...........T............:162 
A.georgica :...................................T...........T............:162 
A.supercilio :............................................................:121 
A.fulvigulari:...........................................................A:163 
 CAAATTTAtAACGTgATCGTCACCGCtCAcGCCTTcGTAATAATCTTcTTCATgGTAATg  
 Q I Y N V I V T A H A F V M I F F M V M  
 
 * 200 * 220 * 240  
Tegal duck :............................................................:240 
A.laysanensis:............................................................:223 
A.rubripes :.................................A..........................:241 
A.flavirostri:..............G..A..T.........C..........A..................:240 
A.crecca :........G........A..............A........A........C.....T...:240 
A.carolinensi:.................A..............A........A..G...............:225 
A.acuta :..............G..A.......................A..................:228 
A.bahamensis :.................A.......................A........C.........:222 
A.georgica :..T..............A..........................................:222 
A.supercilio :............................................................:181 
A.fulvigulari:............................................................:223 
 CCcATCATaATTGGaGGgTTcGGCAACTGAtTggTCCCCCTgATaATCGGtGCCCCcGAC  
 P I M I G G F G N W L V P L M I G A P D  
  
Int. J. Poult. Sci., 2018
Fig. 5: Continue
8
 * 260 * 280 * 300  
Tegal duck :............................................................:300 
A.laysanensis:............................................................:283 
A.rubripes :............................................................:301 
A.flavirostri:............................................G..G...........A:300 
A.crecca :...........................................................C:300 
A.carolinensi:....................T.......................C...............:285 
A.acuta :............................................................:288  
A.bahamensis :............................................................:282 
A.georgica :............................................................:282 
A.supercilio :............................................................:241 
A.fulvigulari:............................................................:283  
 ATaGCATTCCCACGAATAAAcAACATAAGCTTCTGACTCCTCCCaCCaTCATTCCTCCTt  
 M A F P R M N N M S F W L L P P S F L L  
  
 * 320 * 340 * 360  
Tegal duck :......................................G.....................:360 
A.laysanensis:......................................A.....................:343 
A.rubripes :......................................A.....................:361 
A.flavirostri:.................C.................C..A...........G........C:360 
A.crecca :..............T..C...........G..C.....A...........G........C:360 
A.carolinensi:..............T.................C.....A..A........G........C:365 
A.acuta :.....T.................G..C.....C..C..A...........G.....G..C:348 
A.bahamensis :.....T.................G..C.....C..C..A...........G........C:342 
A.georgica :.....T........T...........C.....C..C..A...........G.....G..C:342 
A.supercilio :......................................A.....................:301 
A.fulvigulari:......................................A.....................:343 
 CTACTcGCCTCATCcACtGTAGAaGCtGGcGCtGGtAC GGtTGAACCGTaTACCCaCCt  
 L L A S S T V E A G A G T G W T V Y P P  
 
 * 380 * 400 * 420  
Tegal duck :............................................................:420 
A.laysanensis:............................................................:403 
A.rubripes :............................................................:421 
A.flavirostri:..............G.................G..A........................:420 
A.crecca :..............G....................A.....A...........C......:420 
A.carolinensi:..............G....................A.....A...........G......:425 
A.acuta :..............G...........G........A........C...........C...:408 
A.bahamensis :..............G....................A........C...........C...:402 
A.georgica :..............G.................G..A........C...........C...:402 
A.supercilio :............................................................:361 
A.fulvigulari:............................................................:403 
 CTAGCAGGCAACCTaGCCCACGCCGGaGCCTCaGTgGACCTgGCtATCTTCTCaCTtCAC  
 L A G N L A H A G A S V D L A I F S L H 
 
 * 440 * 460 * 480  
Tegal duck :.....T......................................................:480 
A.poecilorhyn:.....T......................................................:463 
A.rubripes :.....C......................................................:481 
A.flaviros :..A..C......................................................:480 
A.crecca :..A..C....................G.................................:480 
A.carolinensi:..A..C....................G.....................G...........:485 
A.acuta :..A..C...................................C...........T......:438 
A.bahamensis :..A..C.............................T.....C...........T......:462 
A.georgica :..A..C.............................T.....C...........T......:462 
A.supercilio :.....C......................................................:421 
A.fulvigulari:.....C......................................................:463 
 CTgGC GGTGTCTCCTCCATCCTCGGaGCCATTAAcTTCATtACCACaGCCATcAACATA  
 L A G V S S I L G A I N F I T T A I N M  
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Fig. 5: Similarity analysis of the COI  gene fragment of the Tegal duck compared with other members of the genus Anas
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 * 500 * 520 * 540  
Tegal duck :............................................................:540 
A.laysanensis:............................................................:523 
A.rubripes :............................................................:541 
A.flavirostri:.........................................T.....G............:540 
A.crecca :.........T..........G..........................G............:540 
A.carolinensi:....................G.......................................:545 
A.acuta :.......................T.....A.....C...........G............:528 
A.bahamensis :....................G..T...........C........................:522 
A.georgica :.......................T...........C........................:522 
A.supercilio :............................................................:481 
A.fulvigulari:............................................................:523 
 AAACCCCCcGCACTCTCACAaTAcCAAACcCCACTtTTCGTcTGATCaGTCCTAATTACC  
 k P P A L S Q Y Q T P L F V W S V L I T  
  
 * 560 * 580 * 600  
Tegal duck :............................................................:600 
A.laysanensis:............................................T...............:583 
A.rubripes :............................................................:601 
A.flavirostri:........A.........................................A...T.....:600 
A.crecca :........A..................T................................:600 
A.carolinensi:...............................................G............:605 
A.acuta :......................................................T.....:588 
A.bahamensis :..T.........................................................:582 
A.georgica :............................................................:582 
A.supercilio :............................................................:541 
A.fulvigulari:............................................................:583 
 GCcATCCTgCTCCTCCTATCACTCCCcGTCCTCGCCGCCGGCATcACaATgCTAcTAACC  
 A I L L L L S L P V L A A G I T M L L T 
 
 
 * 620 * 640 * 660  
Tegal duck :............................................................:660 
A.laysanensis:............................................................:643 
A.rubripes :..................T.........................................:661 
A.flavirostri:.............................C..C........A..................:660 
A.crecca :.............................C..C........A..................:660 
A.carolinensi:.............................C..C..T.....A.................T:665 
A.acuta :.............................C..C........A.....T........A...:648 
A.bahamensis :...........G.................C..C........A..............A...:642 
A.georgica :.............................C..C........A..................:642 
A.supercilio :............................................................:601 
A.fulvigulari:..................T......................A..................:643 
 GACCGAAACCTaAACACcACATTCTTTGAtCCtGCcGGAGG GGAGAcCCAATCCTgTAc  
 D R N L N T T F F D P A G G G D P I L Y  
 
 670  
Tegal duck : .................. : 678 
A.laysanensis: ..G............... : 661 
A.rubripes : ..G............... : 679 
A.flavirostri: .................. : 678 
A.crecca : .................. : 678 
A.carolinensi: ..G............... : 683 
A.acuta : ..G............... : 666 
A.bahamensis : ..G............... : 660 
A.georgica : ..G............... : 660 
A.supercilio : .................. : 619 
A.fulvigulari: ..G......--------- : 652 
 CA CACCTAttttgattc  
 Q H L F W F  
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459
880
539
603 940
1000
560
981
841
989
0.005
            A. ?avirostrisN01487
FJ027095A. georgica
FJ027081                   A. bahamensis
GU571235                       A. acuta
DQ434280                      A. carolinensis
GU571238                      A. crecca
JF498830         A. laysanensis
AY666221            A. rubripes
DQ432723              A. fulvigula
KF751616         A. poecilorhyncha
GU571240               A. platyrhnchos
               Tegal duck
JN801396    A. superciliosa
Fig. 6: Phylogenetic evolutionary tree of the  COI  gene displaying the evolutionary relationship of the Tegal duck within a lineage
shared by other members of Anas species
The scale bar in the upper right represents 0.05 substitutions per nucleotide site
sometimes will be fixed in a species. This character will be
inherited into their descendant species if the mutated gene
produces new morphological or physiological characters.
Single nucleotides can also cause polymorphisms in RNA that
will exhibit genetic differences between individuals and have
an important function when the mutation occurs in a specific
region. A mutation in the 18S rRNA is a heritable change in the
DNA sequence that may or may not potentially affect the
phenotype of the organism, since the mutations are very
important in producing genetic variations. These genes can
influence the characteristics of an organism. Changes in any
part of the environment could make the organism extinct. The
theory of evolution assumes that mutations are random
because of their adaptive value. For example, some
nucleotides are more mutable than others. The COI  regions
generally have high transition/transversion ratios of mutation
and are more significant in closely related species. Nucleotide
substitution with a transition bias is a common phenomenon
in animal mtDNA. Purified selection can aid in tolerating
synonymous mutations and eliminating nonsynonymous
mutations27. Transition mutations occur at a higher frequency
than  that  of  transversion  mutations.  Transitions  are  less
likely to result in amino acid substitutions and are therefore
more likely to be considered silent substitutions in
populations28.
Phylogenetic analysis: Tree construction for a closely related
gene using DNA sequences would be better than using
protein because it avoids any silent substitution that is
phylogenetically informative. The results of the phylogenetic
analysis of the members of the Anas  genus in Fig. 6 showed
that the domestic Tegal duck from Indonesia could more likely
to be a hybrid of A.  platyrhynchos  and A.  poecilorhyncha  as
they are found together in a monophyletic cluster in their
phylogenetic tree. Other duck species are well separated using
the COI gene in mitochondrial DNA. This result was also
supported by an adequate bootstrap value of approximately
94% (the number of bootstrap replications was 1000). The
result  shown   in   Fig.   6   also   reveals   that   in   addition   to
A. platyrhynchos  and  A.  poecilorhyncha,  the Tegal duck was
also a member of the monophyletic cluster with A. laysanensis,
A. rubripes, A.  fulvigula  and  A.  superciliosa.  This result
supports the finding that A. platyrhynchos species have
hybridized extensively with other closely related species
worldwide such as A. superciliosa in Australia and New
Zealand, A. rubripes and A. platyrhynchos from North
America29 and A. laysanensis30.
The genus Anas  is primarily derived from mallard ducks.
Moreover, the evolution of Anas  species is a dominant factor
that affects the production of hybrid ducks29-32. Based on the
COI gene fragment of the Tegal duck analysis results which
showed   100%   homology   with   A.   platyrhynchos    voucher
10
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NHMO-BC399 (GenBank accession number GU571240),
Scandinavian birds from the trans-Atlantic species33 which
indicated that the Tegal duck originated from migrating wild
ducks.
The results for the 18S rRNA gene of the Tegal duck
confirmed by the results of the COI gene showed that it was a
hybrid of A. platyrhynchos and A. poecilorhyncha with
dominant character of  A.  platyrhynchos.  Combination of
both genetic marker had resulted more accurate molecular
identification of species.
The results of the phylogenetic evolutionary tree analysis
of the COI  gene also support the phylogenetic analysis result
using 18S rRNA, which showed that the Tegal duck have a
common ancestor A. platyrhynchos and A. poecilorhyncha.
This result is in agreement with another study which grouping
A. platyrhynchos with A. poecilorhyncha. A phylogenetic
relationship was shown among the Korean duck derived from
the   mallard   (A.   platyrhynchos)   and   the   spot-billed   duck
(A. poecilorhyncha)34. However, another study reported that
based on their mtDNA, the domestic Korean ducks originated
only from A.  platyrhynchos6.  Some  South  and  East  Asian
ducks may live in areas with suitable food and habitat because
they are migratory birds and have characteristics by which
they  can  be  easily  adapted26.  Hybrids  from  mallards  and
spot-billed ducks often appear in natural habitats, which
makes it difficult to identify. In current study, phylogenetic
analysis  also  supported  the  result  that  the  mallard   and
spot-billed duck breeds are not separated.
The COI regions generally have the highest
transition/transversion ratios and are more significant in
closely related species. These patterns are usually similar for
almost all vertebrate groups, except Xenopus31. The Tegal
ducks are genetically close to A.  platyrhynchos  as they show
a closer relationship with other A. platyrhynchos species
compared with A. poecilorhyncha. Moreover, the pairwise
distance among the Tegal duck and other members of Anas
demonstrated a relatively low-level interspecific distance. This
smaller  difference  is  possibly  due  to  the  crossbreeding  of
spot-billed ducks and mallards influenced by the same
habitats32. Phylogenetic analysis also revealed that mallards
and spot-billed ducks are genetically very close. The
phylogenetic tree analysis also showed that in the
monophyletic cluster, the Tegal duck has a close relationship
with A. laysanensis  from Hawaii, A. rubripes and A. fulvigula
from Canada and A. superciliosa from Australia. These vast
areas have been proven as the migratory habitats of most
mallards, covering an area of several thousand kilometers.
Mallard populations are highly genetically connected, which
accounts for the decrease in the domestic mallard numbers
and the genetic diversity exacerbated by alterations in the
local environment6.  Morphologically,  mallard  and  spot-billed
duck breeds are highly similar in shape, behavior and habitat
and are even genetically compatible for crossbreeding32,33,35.
Although animal mitochondrial sequences are known to
evolve rapidly, their gene arrangements often remain
unchanged over long periods of evolutionary time32,36-37.
The COI gene provided a better coverage and wider
spectrum of species characterization than the 18S rRNA gene.
The use of 18S rRNA in combination with the COI  gene had
overcome the limited availability of the data set in GenBank to
conduct a more accurate analysis, which made it possible to
find more genetic diversity within A.  platyrhynchos.  This
study provides important information for improving egg
production  of   Tegal   duck.   Since   the   egg   production   of
A.  platyrhynchos  (average 140-150 each year) was higher
than A.  poecilorhyncha  (84-108 each year)38-40, this study will
help in developing the breeding program strategy and
selection for the Tegal duck. Thus, a new approach on
selection for identification and selection on superior domestic
ducks based on the integration of morphological and
physiological characterization with molecular characterization
may be achieved.
CONCLUSION
In conclusion, phylogenetic analysis based on the nuclear
18S rRNA gene and mitochondrial COI  gene characterization
was gain representative identification of the Tegal duck. The
Tegal   duck   had   showed   close   genetic   relationship   with
A.  platyrhynchos  and  A.  poecilorhyncha.
SIGNIFICANCE STATEMENTS
This study discover that integration of both genetic
markers 18S rRNA and COI gene had provided a
comprehensive genetic information for Tegal duck and
showed their close similarities with not only A.  platyrhynchos
but also A. poecilorhyncha. The identification of domestic
duck species and genetic variation would be very useful to
gain consistency of the progeny and the egg production.
Thus, this study provide a new approach on identification and
selection on superior domestic ducks based on the integration
of morphological and physiological characterization with
molecular characterization to guide the development of
breeding program for Tegal duck and possibly for another
local duck in Indonesia.
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* 20 * 40
A.platyEU123318 : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT  : 40
A.platyAF173614 : CCATGCATGTGTAAGTACACACGGGCGGTACAGTGAAACT  : 45
Tegal Duck      : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT  : 40 
* 60 * 80
A.platyEU123318 : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC  : 80
A.platyAF173614 : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC  : 85
Tegal Duck      : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC  : 80 
* 100 * 120
A.platyEU123318 : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC  : 120
A.platyAF173614 : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC  : 125
Tegal Duck      : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC  : 120 
      *       140 * 160
A.platyEU123318 : TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC  : 160
A.platyAF173614 : TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC  : 165
Tegal Duck      : TAATACATGCTGACGAGCGCCGACCTCCGGGGACGCGTGC  : 160 
* 180 * 200
A.platyEU123318 : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT  : 200
A.platyAF173614 : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT  : 205
Tegal Duck     : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT  : 200 
* 220 * 240
A.platyEU123318 : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC  : 240
A.platyAF173614 : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC  : 245
Tegal Duck      : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC  : 240 
* 260 * 280
A.platyEU123318 : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT  : 280
A.platyAF173614 : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT  : 285
Tegal Duck     : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT  : 280 
* 300 * 320
A.platyEU123318 : TTCGATGGTAGTGTCTGTGCCTACCATGGTGACCACGGGTA : 321
A.platyAF173614 : TTCGATGGTACTGTCTGTGCCTACCATGGTGACCACGGGTA : 326
Tegal Duck      : TTTGATGGTAGTGTCTGTGCCTCCCATGGTGACCACGGGTA : 321
* 340 * 360
A.platyEU123318 : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA : 363
A.platyAF173614 : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA : 368
Tegal Duck      : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA : 363
* 380 * 400
A.platyEU123318 : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA : 404
A.platyAF173614 : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA : 409
Tegal Duck      : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA : 404
* 420 * 440
A.platyEU123318 : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT : 445
A.platyAF173614 : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT : 450
Tegal Duck      : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT : 445
* 460 * 480
A.platyEU123318 : ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT :486
A.platyAF173614 : ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT :490
Tegal Duck      : ACAGGACTCTTTCGAGGCCCAGTAATTG-AATGAGTCCACT :485
Figure 2. Comparison of 18S rRNA sequences of the Tegal duck and the interspecies A. 
platyrynchos. Orange box indicates a transition mutation, and blue box indicates a 
transversion mutation. 
                            *        20         *        40                                                               
A.platyEU123318 : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT  : 40 
A.platyAF173614 : CCATGCATGTGTAAGTACACACGGGCGGTACAGTGAAACT  : 45 
Tegal Duck      : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT  : 40 
 
                           *        60         *        80         
A.platyEU123318 : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC  : 80 
A.platyAF173614 : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC  : 85 
Tegal Duck      : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC  : 80 
                   
                           *       100         *       120       
A.platyEU123318 : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC  : 120 
A.platyAF173614 : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC  : 125 
Tegal Duck      : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC  : 120 
 
                           *       140         *       160               
A.platyEU123318 : TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC  : 160 
A.platyAF173614 : TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC  : 165 
Tegal Duck      : TAATACATGCTGACGAGCGCCGACCTCCGGGGACGCGTGC  : 160 
                   
                           *       180         *       200       
A.platyEU123318 : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT  : 200 
A.platyAF173614 : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT  : 205 
Tegal Duck      : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT  : 200 
 
                           *       220         *       240          
A.platyEU123318 : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC  : 240 
A.platyAF173614 : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC  : 245 
Tegal Duck      : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC  : 240 
                   
                           *       260         *       280          
A.platyEU123318 : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT  : 280 
A.platyAF173614 : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT  : 285 
Tegal Duck      : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT  : 280 
                   
                           *       300         *       320       
A.platyEU123318 : TTCGATGGTAGTGTCTGTGCCTACCATGGTGACCACGGGTA : 321 
A.platyAF173614 : TTCGATGGTACTGTCTGTGCCTACCATGGTGACCACGGGTA : 326 
Tegal Duck      : TTTGATGGTAGTGTCTGTGCCTCCCATGGTGACCACGGGTA : 321 
                   
                         *       340         *       360             
A.platyEU123318 : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA : 363 
A.platyAF173614 : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA : 368 
Tegal Duck      : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA : 363 
                   
                        *       380         *       400              
A.platyEU123318 : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA : 404 
A.platyAF173614 : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA : 409 
Tegal Duck      : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA : 404 
                   
                       *       420         *       440                 
A.platyEU123318 : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT : 445 
A.platyAF173614 : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT : 450 
Tegal Duck      : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT : 445 
                                              
                      *       460         *       480       
A.platyEU123318 : ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT :486 
A.platyAF173614 : ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT :490 
Tegal Duck      : ACAGGACTCTTTCGAGGCCCAGTAATTG-AATGAGTCCACT :485 
                            
Figure 2. Comparison of 18S rRNA sequences of the Tegal duck and the interspecies A. 
platyrynchos. Orange box indicates a transition mutation, and blue box indicates a 
transversion mutation. 
                       *        20         *        40         *        60                   
Tegal duck   :cacaaagacattggcactctatac....................................: 60 
A.laysanensis:-----------------...........................................: 43 
A.rubripes   :-------------------.................A.......................: 41 
A.flavirostri:...........C.............................G..T...............: 60 
A.crecca     :.................C..........................................: 60  
A.carolinensi:---------------.............................................: 45 
A.acuta      :------------........G.......................................: 48 
A.bahamensis :------------------..........................................: 42 
A.georgica   :------------------..........................................: 42 
A.supercilio :-----------------------------------------------------------.: 1 
A.fulvigulari:-----------------...........................................: 43 
                                      cttatcttcggggcatgagccggaataattggcacA       
                                       L  I  F  G  A  W  A  G  M  I  G  T   
 
 
                       *        80         *       100         *       120              
Tegal duck   :............................................................:120 
A.laysanensis:..........................G..G..............................:103 
A.rubripes   :..........................G.................................:101 
A.flavirostri:...........G..A.....C..............A........................:120 
A.crecca     :.....T..............C..............A.....A..................:120  
A.carolinensi:...........G..A.....C..............A.....A..................:105 
A.acuta      :....................C....................A........A.........:108 
A.bahamensis :............T.......C....................A..................:102 
A.georgica   :..............A.....C....................A..................:102 
A.supercilio :............................................................: 61 
A.fulvigulari:..........................G.................................:103 
              GCACTcAGCCTacTgATCCGgGCAGAaCTaGGCCAgCCAGGgACCCTCCTgGGCGACGAC       
               A  L  S  L  L  I  R  A  E  L  G  Q  P  G  T  L  L  G  D  D  
 
                       *       140         *       160         *       180              
Tegal duck   :............................................................:180 
A.laysanensis:............................................................:163 
A.rubripes   :............................................................:161 
A.flavirostri:...................................T.................A......:180 
A.crecca     :........C.....A...........C........T.......................A:180 
A.carolinensi:........C.....A...........C........T........................:165 
A.acuta      :........C..........................T...........T............:168 
A.bahamensis :........C.................C..T.....T...........T............:162 
A.georgica   :...................................T...........T............:162 
A.supercilio :............................................................:121 
A.fulvigulari:...........................................................A:163 
              CAAATTTAtAACGTgATCGTCACCGCtCAcGCCTTcGTAATAATCTTcTTCATgGTAATg       
               Q  I  Y  N  V  I  V  T  A  H  A  F  V  M  I  F  F  M  V  M   
 
                         *       200         *       220       *       240                     
Tegal duck   :............................................................:240 
A.laysanensis:............................................................:223 
A.rubripes   :.................................A..........................:241 
A.flavirostri:..............G..A..T.........C..........A..................:240 
A.crecca     :........G........A..............A........A........C.....T...:240 
A.carolinensi:.................A..............A........A..G...............:225 
A.acuta      :..............G..A.......................A..................:228 
A.bahamensis :.................A.......................A........C.........:222 
A.georgica   :..T..............A..........................................:222 
A.supercilio :............................................................:181 
A.fulvigulari:............................................................:223 
              CCcATCATaATTGGaGGgTTcGGCAACTGAtTggTCCCCCTgATaATCGGtGCCCCcGAC       
               P  I  M  I  G  G  F  G  N  W  L  V  P  L  M I  G  A  P  D   
 
                       *       260         *       280         *       300               
Tegal duck   :............................................................:300 
A.laysanensis:............................................................:283 
A.rubripes   :............................................................:301 
A.flavirostri:............................................G..G...........A:300 
A.crecca     :...........................................................C:300 
A.carolinensi:....................T.......................C...............:285 
A.acuta      :............................................................:288  
A.bahamensis :............................................................:282 
A.georgica   :............................................................:282 
A.supercilio :............................................................:241 
A.fulvigulari:............................................................:283                   
              ATaGCATTCCCACGAATAAAcAACATAAGCTTCTGACTCCTCCCaCCaTCATTCCTCCTt  
               M  A  F  P  R  M  N  N  M  S  F  W  L  L  P  P  S  F  L  L   
               
                       *       320         *       340         *       360                                 
Tegal duck   :......................................G.....................:360 
A.laysanensis:......................................A.....................:343 
A.rubripes   :......................................A.....................:361 
A.flavirostri:.................C.................C..A...........G........C:360 
A.crecca     :..............T..C...........G..C.....A...........G........C:360 
A.carolinensi:..............T.................C.....A..A........G........C:365 
A.acuta      :.....T.................G..C.....C..C..A...........G.....G..C:348 
A.bahamensis :.....T.................G..C.....C..C..A...........G........C:342 
A.georgica   :.....T........T...........C.....C..C..A...........G.....G..C:342 
A.supercilio :......................................A.....................:301 
A.fulvigulari:......................................A.....................:343 
              CTACTcGCCTCATCcACtGTAGAaGCtGGcGCtGGtAC GGtTGAACCGTaTACCCaCCt               
               L  L  A  S  S  T  V  E  A  G  A  G  T  G  W  T  V  Y  P  P   
 
                       *       380         *       400         *       420                             
Tegal duck   :............................................................:420 
A.laysanensis:............................................................:403 
A.rubripes   :............................................................:421 
A.flavirostri:..............G.................G..A........................:420 
A.crecca     :..............G....................A.....A...........C......:420 
A.carolinensi:..............G....................A.....A...........G......:425 
A.acuta      :..............G...........G........A........C...........C...:408 
A.bahamensis :..............G....................A........C...........C...:402 
A.georgica   :..............G.................G..A........C...........C...:402 
A.supercilio :............................................................:361 
A.fulvigulari:............................................................:403 
              CTAGCAGGCAACCTaGCCCACGCCGGaGCCTCaGTgGACCTgGCtATCTTCTCaCTtCAC                
               L  A  G  N  L  A  H  A  G  A  S  V  D  L  A  I  F  S  L  H 
 
                      *       440         *        460         *       480   
Tegal duck   :.....T......................................................:480 
A.poecilorhyn:.....T......................................................:463 
A.rubripes   :.....C......................................................:481 
A.flaviros   :..A..C......................................................:480 
A.crecca     :..A..C....................G.................................:480 
A.carolinensi:..A..C....................G.....................G...........:485 
A.acuta      :..A..C...................................C...........T......:438 
A.bahamensis :..A..C.............................T.....C...........T......:462 
A.georgica   :..A..C.............................T.....C...........T......:462 
A.supercilio :.....C......................................................:421 
A.fulvigulari:.....C......................................................:463 
              CTgGC GGTGTCTCCTCCATCCTCGGaGCCATTAAcTTCATtACCACaGCCATcAACATA       
               L  A  G  V  S  S  I  L  G  A  I  N  F  I  T  T  A  I  N  M    
 
                        *       500         *       520        *       540           
Tegal duck   :............................................................:540 
A.laysanensis:............................................................:523 
A.rubripes   :............................................................:541 
A.flavirostri:.........................................T.....G............:540 
A.crecca     :.........T..........G..........................G............:540 
A.carolinensi:....................G.......................................:545 
A.acuta      :.......................T.....A.....C...........G............:528 
A.bahamensis :....................G..T...........C........................:522 
A.georgica   :.......................T...........C........................:522 
A.supercilio :............................................................:481 
A.fulvigulari:............................................................:523 
              AAACCCCCcGCACTCTCACAaTAcCAAACcCCACTtTTCGTcTGATCaGTCCTAATTACC       
               k  P  P  A  L  S  Q  Y  Q  T  P  L  F  V  W S  V  L  I  T   
  
                       *       560         *       580         *       600     
Tegal duck   :............................................................:600 
A.laysanensis:............................................T...............:583 
A.rubripes   :............................................................:601 
A.flavirostri:........A.........................................A...T.....:600 
A.crecca     :........A..................T................................:600 
A.carolinensi:...............................................G............:605 
A.acuta      :......................................................T.....:588 
A.bahamensis :..T.........................................................:582 
A.georgica   :............................................................:582 
A.supercilio :............................................................:541 
A.fulvigulari:............................................................:583 
              GCcATCCTgCTCCTCCTATCACTCCCcGTCCTCGCCGCCGGCATcACaATgCTAcTAACC       
               A  I  L  L  L  L  S  L  P  V  L  A  A  G  I  T  M  L  L  T 
 
 
                       *       620         *       640         *       660                      
Tegal duck   :............................................................:660 
A.laysanensis:............................................................:643 
A.rubripes   :..................T.........................................:661 
A.flavirostri:.............................C..C........A..................:660 
A.crecca     :.............................C..C........A..................:660 
A.carolinensi:.............................C..C..T.....A.................T:665 
A.acuta      :.............................C..C........A.....T........A...:648 
A.bahamensis :...........G.................C..C........A..............A...:642 
A.georgica   :.............................C..C........A..................:642 
A.supercilio :............................................................:601 
A.fulvigulari:..................T......................A..................:643 
              GACCGAAACCTaAACACcACATTCTTTGAtCCtGCcGGAGG GGAGAcCCAATCCTgTAc       
               D  R  N  L  N  T  T  F  F  D  P  A  G  G  G  D  P  I  L  Y   
 
                      670                     
Tegal duck   : .................. : 678 
A.laysanensis: ..G............... : 661 
A.rubripes   : ..G............... : 679 
A.flavirostri: .................. : 678 
A.crecca     : .................. : 678 
A.carolinensi: ..G............... : 683 
A.acuta      : ..G............... : 666 
A.bahamensis : ..G............... : 660 
A.georgica   : ..G............... : 660 
A.supercilio : .................. : 619 
A.fulvigulari: ..G......--------- : 652 
               CA CACCTAttttgattc       
                Q  H  L  F  W  F  
 
Figure 5. Similarity analysis of the COI gene fragment of the Tegal duck compared with 
other members of the genus Anas  
 
                       *        20         *        40         *        60                   
Tegal duck   :cacaaagacattggcactctatac....................................: 60 
A.laysanensis:-----------------...........................................: 43 
A.rubripes   :-------------------.................A.......................: 41 
A.flavirostri:...........C.............................G..T...............: 60 
A.crecca     :.................C..........................................: 60  
A.carolinensi:---------------.............................................: 45 
A.acuta      :------------........G.......................................: 48 
A.bahamensis :------------------..........................................: 42 
A.georgica   :------------------..........................................: 42 
A.supercilio :-----------------------------------------------------------.: 1 
A.fulvigulari:-----------------...........................................: 43 
                                      cttatcttcggggcatgagccggaataattggcacA       
                                       L  I  F  G  A  W  A  G  M  I  G  T   
 
 
                       *        80         *       100         *       120              
Tegal duck   :............................................................:120 
A.laysanensis:..........................G..G..............................:103 
A.rubripes   :..........................G.................................:101 
A.flavirostri:...........G..A.....C..............A........................:120 
A.crecca     :.....T..............C..............A.....A..................:120  
A.carolinensi:...........G..A.....C..............A.....A..................:105 
A.acuta      :....................C....................A........A.........:108 
A.bahamensis :............T.......C....................A..................:102 
A.georgica   :..............A.....C....................A..................:102 
A.supercilio :............................................................: 61 
A.fulvigulari:..........................G.................................:103 
              GCACTcAGCCTacTgATCCGgGCAGAaCTaGGCCAgCCAGGgACCCTCCTgGGCGACGAC       
               A  L  S  L  L  I  R  A  E  L  G  Q  P  G  T  L  L  G  D  D  
 
                       *       140         *       160         *       180              
Tegal duck   :............................................................:180 
A.laysanensis:............................................................:163 
A.rubripes   :............................................................:161 
A.flavirostri:...................................T.................A......:180 
A.crecca     :........C.....A...........C........T.......................A:180 
A.carolinensi:........C.....A...........C........T........................:165 
A.acuta      :........C..........................T...........T............:168 
A.bahamensis :........C.................C..T.....T...........T............:162 
A.georgica   :...................................T...........T............:162 
A.supercilio :............................................................:121 
A.fulvigulari:...........................................................A:163 
              CAAATTTAtAACGTgATCGTCACCGCtCAcGCCTTcGTAATAATCTTcTTCATgGTAATg       
               Q  I  Y  N  V  I  V  T  A  H  A  F  V  M  I  F  F  M  V  M   
 
                         *       200         *       220       *       240                     
Tegal duck   :............................................................:240 
A.laysanensis:............................................................:223 
A.rubripes   :.................................A..........................:241 
A.flavirostri:..............G..A..T.........C..........A..................:240 
A.crecca     :........G........A..............A........A........C.....T...:240 
A.carolinensi:.................A..............A........A..G...............:225 
A.acuta      :..............G..A.......................A..................:228 
A.bahamensis :.................A.......................A........C.........:222 
A.georgica   :..T..............A..........................................:222 
A.supercilio :............................................................:181 
A.fulvigulari:............................................................:223 
              CCcATCATaATTGGaGGgTTcGGCAACTGAtTggTCCCCCTgATaATCGGtGCCCCcGAC       
               P  I  M  I  G  G  F  G  N  W  L  V  P  L  M I  G  A  P  D   
 
                       *       260         *       280         *       300               
Tegal duck   :............................................................:300 
A.laysanensis:............................................................:283 
A.rubripes   :............................................................:301 
A.flavirostri:............................................G..G...........A:300 
A.crecca     :...........................................................C:300 
A.carolinensi:....................T.......................C...............:285 
A.acuta      :............................................................:288  
A.bahamensis :............................................................:282 
A.georgica   :............................................................:282 
A.supercilio :............................................................:241 
A.fulvigulari:............................................................:283                   
              ATaGCATTCCCACGAATAAAcAACATAAGCTTCTGACTCCTCCCaCCaTCATTCCTCCTt  
               M  A  F  P  R  M  N  N  M  S  F  W  L  L  P  P  S  F  L  L   
               
                       *       320         *       340         *       360                                 
Tegal duck   :......................................G.....................:360 
A.laysanensis:......................................A.....................:343 
A.rubripes   :......................................A.....................:361 
A.flavirostri:.................C.................C..A...........G........C:360 
A.crecca     :..............T..C...........G..C.....A...........G........C:360 
A.carolinensi:..............T.................C.....A..A........G........C:365 
A.acuta      :.....T.................G..C.....C..C..A...........G.....G..C:348 
A.bahamensis :.....T.................G..C.....C..C..A...........G........C:342 
A.georgica   :.....T........T...........C.....C..C..A...........G.....G..C:342 
A.supercilio :......................................A.....................:301 
A.fulvigulari:......................................A.....................:343 
              CTACTcGCCTCATCcACtGTAGAaGCtGGcGCtGGtAC GGtTGAACCGTaTACCCaCCt               
               L  L  A  S  S  T  V  E  A  G  A  G  T  G  W  T  V  Y  P  P   
 
                       *       380         *       400         *       420                             
Tegal duck   :............................................................:420 
A.laysanensis:............................................................:403 
A.rubripes   :............................................................:421 
A.flavirostri:..............G.................G..A........................:420 
A.crecca     :..............G....................A.....A...........C......:420 
A.carolinensi:..............G....................A.....A...........G......:425 
A.acuta      :..............G...........G........A........C...........C...:408 
A.bahamensis :..............G....................A........C...........C...:402 
A.georgica   :..............G.................G..A........C...........C...:402 
A.supercilio :............................................................:361 
A.fulvigulari:............................................................:403 
              CTAGCAGGCAACCTaGCCCACGCCGGaGCCTCaGTgGACCTgGCtATCTTCTCaCTtCAC                
               L  A  G  N  L  A  H  A  G  A  S  V  D  L  A  I  F  S  L  H 
 
                      *       440         *        460         *       480   
Tegal duck   :.....T......................................................:480 
A.poecilorhyn:.....T......................................................:463 
A.rubripes   :.....C......................................................:481 
A.flaviros   :..A..C......................................................:480 
A.crecca     :..A..C....................G.................................:480 
A.carolinensi:..A..C....................G.....................G...........:485 
A.acuta      :..A..C...................................C...........T......:438 
A.bahamensis :..A..C.............................T.....C...........T......:462 
A.georgica   :..A..C.............................T.....C...........T......:462 
A.supercilio :.....C......................................................:421 
A.fulvigulari:.....C......................................................:463 
              CTgGC GGTGTCTCCTCCATCCTCGGaGCCATTAAcTTCATtACCACaGCCATcAACATA       
               L  A  G  V  S  S  I  L  G  A  I  N  F  I  T  T  A  I  N  M    
 
                        *       500         *       520        *       540           
Tegal duck   :............................................................:540 
A.laysanensis:............................................................:523 
A.rubripes   :............................................................:541 
A.flavirostri:.........................................T.....G............:540 
A.crecca     :.........T..........G..........................G............:540 
A.carolinensi:....................G.......................................:545 
A.acuta      :.......................T.....A.....C...........G............:528 
A.bahamensis :....................G..T...........C........................:522 
A.georgica   :.......................T...........C........................:522 
A.supercilio :............................................................:481 
A.fulvigulari:............................................................:523 
              AAACCCCCcGCACTCTCACAaTAcCAAACcCCACTtTTCGTcTGATCaGTCCTAATTACC       
               k  P  P  A  L  S  Q  Y  Q  T  P  L  F  V  W S  V  L  I  T   
  
                       *       560         *       580         *       600     
Tegal duck   :............................................................:600 
A.laysanensis:............................................T...............:583 
A.rubripes   :............................................................:601 
A.flavirostri:........A.........................................A...T.....:600 
A.crecca     :........A..................T................................:600 
A.carolinensi:...............................................G............:605 
A.acuta      :......................................................T.....:588 
A.bahamensis :..T.........................................................:582 
A.georgica   :............................................................:582 
A.supercilio :............................................................:541 
A.fulvigulari:............................................................:583 
              GCcATCCTgCTCCTCCTATCACTCCCcGTCCTCGCCGCCGGCATcACaATgCTAcTAACC       
               A  I  L  L  L  L  S  L  P  V  L  A  A  G  I  T  M  L  L  T 
 
 
                       *       620         *       640         *       660                      
Tegal duck   :............................................................:660 
A.laysanensis:............................................................:643 
A.rubripes   :..................T.........................................:661 
A.flavirostri:.............................C..C........A..................:660 
A.crecca     :.............................C..C........A..................:660 
A.carolinensi:.............................C..C..T.....A.................T:665 
A.acuta      :.............................C..C........A.....T........A...:648 
A.bahamensis :...........G.................C..C........A..............A...:642 
A.georgica   :.............................C..C........A..................:642 
A.supercilio :............................................................:601 
A.fulvigulari:..................T......................A..................:643 
              GACCGAAACCTaAACACcACATTCTTTGAtCCtGCcGGAGG GGAGAcCCAATCCTgTAc       
               D  R  N  L  N  T  T  F  F  D  P  A  G  G  G  D  P  I  L  Y   
 
                      670                     
Tegal duck   : .................. : 678 
A.laysanensis: ..G............... : 661 
A.rubripes   : ..G............... : 679 
A.flavirostri: .................. : 678 
A.crecca     : .................. : 678 
A.carolinensi: ..G............... : 683 
A.acuta      : ..G............... : 666 
A.bahamensis : ..G............... : 660 
A.georgica   : ..G............... : 660 
A.supercilio : .................. : 619 
A.fulvigulari: ..G......--------- : 652 
               CA CACCTAttttgattc       
                Q  H  L  F  W  F  
 
Figure 5. Similarity analysis of the COI gene fragment of the Tegal duck compared with 
other members of the genus Anas  
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Abstract
Background and Objective: Tegal duck is a domestic waterfowl species known as a major producer of eggs that is traditionally used for
making the famous salted egg by the local people. This study aimed to analyze the phylogenetic relationship of the Tegal duck through
the gene encoding 18S ribosomal RNA (rRNA) and mitochondrial cytochrome oxidase I (COI). Methodology: We amplified and sequenced
part of the 18S rRNA and COI  gene of Tegal duck. These data were used to determine their similarity with other Anas  species retrieved
from GenBank and analyzing phylogenetic relationship. Results:  The  size  of  the  PCR  product  of  partial  18S  rRNA  was  approximately
485 bp, whereas the size of the partial mitochondrial DNA (mtDNA) of the COI  gene sequence was 751 bp. The 18S rRNA data showed
that the Tegal duck is closely related to A. platyrhynchos  (84.4% similarity). The COI  gene data of the Tegal duck confirmed this
relationship, with 99% homology with A.  platyrhynchos  voucher NHMO-BC399. However, the COI  gene  fragment  of  the  Tegal  duck
also  showed  99%  homology  with  A.  poecilorhyncha.  Conclusion:  Tegal  duck  has  a  close  phylogenetic  relationship  with  not  only
A.  platyrhynchos  but also  A.  poecilorhyncha.
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INTRODUCTION
Duck is a dominant livestock with economic importance
in Tegal, Central Java, Indonesia, which has the highest
population after Brebes and Klaten Regencies. This region is
popularly known as center for the highest quality salted duck
eggs. Their egg production is unstable and showed tendency
to decrease1. Morphological and physiological characterization
has been commonly used for duck breeding programs. It
resulted  in  instability  of  the  progeny  and  the  product2,3.
The  characteristics  of  Tegal   ducks  have  been  considered
to be typologically similar with those of mallard (Anas
platyrhynchos)2-4. Their variative phenotypes such as beak
color, head color and tail, have been confusing in making
decisions regarding in animal breeding4,5. Moreover, the origin
of the domestic duck in Asia is still debatable6-8. Genetic
characterization of this duck is important to improve egg
production in Tegal. It is known that genetic variation is
responsible for phenotypic traits. Therefore, it is very
important to analyze genetic characteristics of the domestic
Tegal duck for breeding program, with the possibility through
their advantages. Genetic identification of the Tegal duck is
conducted using two DNA barcoding methods consisting of
nuclear and `mitochondrial DNA (mtDNA). The combination
of mitochondrial and nuclear genes produce more credible
species delineations than those based on a single gene9.
Detection of nuclear DNA is limited due to the general low
copy number of sequences and differs from the several copies
of mtDNA per cell10,11. Mutation and recombination in the
nucleus create variety in the nuclear genes, while mutation is
the primary source of sequence variation in animal
mitochondria. All processes can be the material for the
identification of genetically related species10,11. Based on
recent studies, COI  gene has been effective to identify species
in poultry because of their high mutation rate, which was
sufficient to discriminate amongst species11. The advantage of
mtDNA is supported at faster nucleotide substitution and lack
of recombination11,12-14. In addition, mitochondrial genome is
maternally inherited8,15-18. Thus, COI gene can be used in
differentiating taxonomial class starting from the level of
intraspecies to ordo, for example Copepoda evolution12,14.
Another  DNA  barcodes  suitable  for  animal  identification  is
18S rRNA gene, the central component of ribosome. This
region is one of the most conserved genes in all cells14,19,20.
Phylogenetic analysis based on molecular characterization of
Tegal duck species will be important for searching a stable
product  for  improving   breeding   strategies   for   Indonesian
domestic ducks. Molecular identification of most members of
the genus Anas  has generally been  performed  using  the COI
mitochondrial gene. However, since 18S rRNA is also a reliable
molecular barcode, it would be better if the phylogenetic
analysis is performed using both of these genetic markers. In
the present study, variations in mtDNA and ribosomal DNA is
investigated to determine the phylogenetic relationships of
the Tegal duck species at the molecular level.
MATERIALS AND METHODS
Specimen  collection  and  DNA  extraction:  Tegal  ducks  at
3 months of age were obtained from the Center of Breeding
Poultry in Banyubiru Semarang, Department of Animal
Husbandry and Animal Health in Central Java Province,
Indonesia. The DNA samples were extracted from the tissue
samples of the Tegal ducks21.
PCR  amplification  and  DNA  sequencing:  The  amplification
of the 18S rRNA and COI  gene in the mtDNA was used
extracted   genomic   DNA.   The   COI   forward   primer   was
5-TTCTCCAACCACAAAGACATTGGCAC-3 and the reverse
primer was 5-ACGTGGGAGATAATTCCAAATCCTG-3 22. For the
18S rRNA gene, a universal primer was used with the forward
primer  5-GTAGTCATATGCTTGTCT-3  and  the  reverse  primer
5-GCTGGCACCACACTTGCCCT-3. The  PCR  for  the  COI  gene
was performed in a Mini Thermal Cycler (Eppendorf,
Germany). The initial denaturation step was conducted at
95EC  for  5 min.  The  next  steps  were  35  cycles  at  95EC  for
30 sec, 54EC for 30 sec, 72EC for 30 sec and a final extension
step at 72EC for 7 min. The PCR for the 18S rRNA gene was
used an initial denaturation step at 94EC for 2 min. The PCR
consist of 30 cycles at 94EC for 1 min, 55EC for 1 min, 72EC for
1 min. The final extension step at 72EC for 2 min. Purification
and  sequencing  of  the  PCR  products  were  performed  by
1st Base Singapore.
Data analysis: For data analysis, published sequences of some
members from the genus Anas were downloaded from
GenBank. Sequence data of the duck COI  gene and 18S rRNA
are listed in Table 1. Sequences were aligned using the
ClustalX program23. Identification of nucleotide variations in
duck species and construction of the neighbor-joining
phylogenetic tree were conducted using MEGA software
version 5 (Japan, www.megasoftware.net)24. The phylogenetic
tree  was  constructed  by  substitution  model  using  the
Jukes-Cantor model.  It  assumes  equal  base  frequencies  and
2
Int. J. Poult. Sci., 2018
Table 1: The 18S rRNA and mitochondrial COI  gene sequences of Anas  species
from GenBank used in this study
Species Accesion number
A. platyrhynchos  voucher NHMO-BC399 GU571240.1
A. platyrhynchos EU123318.1
A. platyrhynchos  isolate Moulard AF23 FJ416869.1
A. platyrhynchos AF173614.1
A. platyrhynchos D38362.1
A. platyrhynchos EU009397.1
A. platyrhynchos  breed Beijing EU755252.1
A. platyrhynchos  breed Sichuan KX592536.1
A. platyrhynchos  breed Longsheng KJ739616.1
A. platyrhynchos KJ778676.1
A. platyrhynchos  breed mallard EU755253.1
A. platyrhynchos  breed Xilin KJ833586.1
A. platyrhynchos  voucher DCB-WD1 KF992022.1
A. platyrhynchos KJ883269.1
A. platyrhynchos  breed Rongshui KJ833587.1
A. platyrhynchos KJ637997.1
A. platyrhynchos KJ689447.1
A. platyrhynchos  breed Shaoxing HM010684.1
A. platyrhynchos  breed Jianchang FJ167857.1
A. bahamensis FJ027081.1
A. rubripes AY666221.1
A. laysanensis JF498830.1
A. superciliosa JN801396.1
A. flavirostris N01487.1
A. crecca GU571238.1
A. laysanensis JF498830.1
A. poecilorhyncha JN703235.1
A. poecilorhyncha AY164517.1
A. poecilorhyncha KC466567.1
A. poecilorhyncha EU009397.1
A. poecilorhyncha KF156760.1
A. poecilorhyncha KF751616.1
A. poecilorhyncha JN793235.1
A. fulvigula DQ432723.1
A. georgica FJ027095.1
A. acuta GU571235.1
A. carolinensis DQ434280.1
equal mutation rates. The rate of nucleotide substitution is the
same for every pair of nucleotides. Frequencies of A, T, C and
G will eventually become equal to 0.2525,26.
RESULTS AND DISCUSSION
Amplification  of  18S  rRNA  gene  by  universal  primer:
Figure 1 shows the products of the Tegal duck 18S rRNA
amplification. The annealing temperature that showed
positive bands and exhibited the best sequencing results was
55EC. These data confirmed that the primer we chose in this
study was suitable for amplifying the conserved region in the
Tegal duck. The size of the PCR product of the 18S rRNA
fragment was approximately 485 bp. These sequences
showed  high  homology  with  18S  rRNA  partial  sequences 
Fig. 1: The 18S rRNA fragment of the Tegal duck
lane 1 = 18S rRNA fragment, lane 2 = 1 kb DNA ladder
homology with those of A.  platyrhynchos  (Fig. 2). Sequence
of the 18S rRNA fragment with gene resources from GenBank
showed  approximately  99%  similarity  between  the  Tegal
duck and A.  platyrhynchos  (accession number EU123318.1)
from Saudi Arabia, A. platyrhynchos (accession number
AF173614.1) from the USA  and  A.  platyrhynchos  (accession
number D38362.1) from Ibaraki, Japan. Approximately 98%
similarity was also observed between the Tegal duck and the
A. platyrhynchos isolate Moulard AF23 (accession number
FJ416869.1) but only in the short region (data not shown). The
18S rRNA sequences from Tegal duck and A. platyrhynchos
species   identified   98   and   99%   similarity   in   the   region.
A.  platyrhynchos  was  grouped  with  A.  poecilorhyncha  and
had 0.0047% difference26. This result also supported the idea
that the region with high intra-species conservation, such as
the 18S rRNA genes with similarities close to 100%, could be
used for species-level analyses in the case of copepods12.
Analysis and comparison of the sequences of the Tegal duck
and A. platyrhynchos identified six single nucleotide
polymorphisms and one deletion in the conserved 18S rRNA
region. The transition and transversion mutation can be seen
in Fig. 2 accomplished by a deletion at position 474 bp.
The sequencing result of the PCR product followed by
similarity analysis for the Tegal duck showed close homology
with  those  of  the  18S  rRNA  gene  of  A.  platyrhynchos.  The
18S rRNA sequences of the Tegal duck and A. platyrhynchos 
exhibited   conserved   regions   between   the   sequences. 
The   18S     rRNA     region     was      also      highly      conserved
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Fig. 2: Comparison of 18S rRNA sequences of the Tegal duck and the interspecies A.  platyrynchos
Orange box indicates a transition mutation and blue box indicates a transversion mutation
of  A.   platyrhynchos    (accession   number   EU123318.1)   and
A.  platyrhynchos  (accession number AF173614.1).
The sequencing results of the PCR product of the partial
fragment of 18S rRNA gene  of  the  Tegal  duck  showed  close
4
 
 
                           *        20         *        40                                       
A.platyEU123318 : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT  : 40 
A.platyAF173614 : CCATGCATGTGTAAGTACACACGGGCGGTACAGTGAAACT  : 45 
Tegal Duck      : CCATGCATGTGTAAGTGCACACGGGCGGTACAGTGAAACT  : 40 
 
                           *        60         *        80         
A.platyEU123318 : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC  : 80 
A.platyAF173614 : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC  : 85 
Tegal Duck      : GCGAATGGCTCATTAAATCAGTTATGGTTCCTTTGGTCGC  : 80 
                   
                           *       100         *       120       
A.platyEU123318 : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC  : 120 
A.platyAF173614 : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC  : 125 
Tegal Duck      : TCCCCTCCCGCTCCTTGGATAACTGTGGTAATTCTAGAGC  : 120 
 
                           *       140         *       160               
A.platyEU123318 : TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC  : 160 
A.platyAF173614 : TAATACATGCCGACGAGCGCCGACCTCCGGGGACGCGTGC  : 165 
Tegal Duck      : TAATACATGCTGACGAGCGCCGACCTCCGGGGACGCGTGC  : 160 
                   
                           *       180         *       200       
A.platyEU123318 : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT  : 200 
A.platyAF173614 : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT  : 205 
Tegal Duck      : ATTTATCAGACCAAAACCAACCCGGGCTCGCCCGGCGGCT  : 200 
 
                           *       220         *       240          
A.platyEU123318 : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC  : 240 
A.platyAF173614 : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC  : 245 
Tegal Duck      : TTGGTGACTCTAGATAACCTCGAGCCGATCGCACGCCCCC  : 240 
                   
                           *       260         *       280          
A.platyEU123318 : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT  : 280 
A.platyAF173614 : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT  : 285 
Tegal Duck      : GCGGCGGCGACGACCCATTCGAATGTCTGCCCTATCAACT  : 280 
                   
                           *       300         *       320       
A.platyEU123318 : TTCGATGGTAGTGTCTGTGCCTACCATGGTGACCACGGGTA : 321 
A.platyAF173614 : TTCGATGGTACTGTCTGTGCCTACCATGGTGACCACGGGTA : 326 
Tegal Duck      : TTTGATGGTAGTGTCTGTGCCTCCCATGGTGACCACGGGTA : 321 
                   
                         *       340         *       360             
A.platyEU123318 : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA : 363 
A.platyAF173614 : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA : 368 
Tegal Duck      : ACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAA : 363 
                   
                        *       380         *       400              
A.platyEU123318 : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA : 404 
A.platyAF173614 : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA : 409 
Tegal Duck      : ACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTA : 404 
                   
                       *       420         *       440                 
A.platyEU123318 : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT : 445 
A.platyAF173614 : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT : 450 
Tegal Duck      : CCCACTCCCGACCCGGGGAGGTAGTGACGAAAAATAACAAT : 445 
                                              
                      *       460         *       480       
A.platyEU123318 : ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT :486 
A.platyAF173614 : ACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACT :490 
Tegal Duck      : ACAGGACTCTTTCGAGGCCCAGTAATTG-AATGAGTCCACT :485 
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among  species  and  had  been  used  for  species-level
analyses  for  example  A.  rubripes8  and  copepods12.
Amplification of Tegal duck COI  gene: The Tegal duck’s
partial fragment of the COI  gene of approximately  751 bp  are
shown in Fig. 3. This  COI  gene  fragment  showed  99%
similarity   with    sequences    from    A.    poecilorhyncha    and
A. platyrhynchos.
Homology  analysis  revealed  that  the  Tegal  duck
shared   a   common   ancestor   with   A.   poecilorhyncha   and
A. platyrhynchos, as illustrated on its cladogram (Fig. 4).
Similarity analysis of the COI  gene fragment of 751 bp length
revealed    that    the    Tegal    duck,    compared    with    some
A. platyrhynchos  species, had several base substitutions as
detailed in Table 2. The difference between A. platyrhynchos
and A.  poecilorhyncha  was the position of the COI  gene in
the complete mitochondrial genome. The A. platyrhynchos
COI  gene consistently stayed at position 6476-7225, whereas
the A. poecilorhyncha COI gene was found at several
positions, such as 5426-6175 in A.  poecilorhyncha  (accession
number KF156760.1) and A. poecilorhyncha (accession
number KC466567.1) but at other positions such as 6476-7225
in A.  poecilorhyncha  (accession number KF751616.1).
The    cladogram    on    Fig.    4     indicates     that     some
A.  platyrhynchos  and A.  poecilorhyncha  species had been
bred and had a descendant possessing both of their
characters, whereas others still retained the dominant original
character  of  A.  poecilorhyncha.  The COI gene of Tegal duck
showed   a   unique   character   combination   resemble   with
13 subspecies A.  platyrhynchos  and it also gained the
character of 3 subspecies of A. poecilorhyncha. This result
strongly implied that the domestic Tegal ducks from Indonesia
may  have  ancestral  A.  platyrhynchos  predominantly  and
also little character of A. poecilorhyncha  species. Similarity
analysis of the COI gene fragment with a length of 751 bp
showed that the Tegal duck had several base substitutions
almost in the same position as that in some A. platyrhynchos
and   A.   poecilorhyncha   species.   We   have   resumed   some
differences in bases substitution, transition and transversion
among A.  platyrhynchos  and A.  poecilorhyncha  as depicted
in Table 2.
Further  analysis  also  found  99-100%  similarity  in  the
COI  gene  of  the  Tegal  duck  with  other  members  of  the
Anas genus as shown in Fig. 5. They exhibited some variations
in this region, all  with  respect  to  species  in  the  genus Anas.
In all the COI  gene fragments, the rate of transition was higher
than the rate of transversion.
Similarity analysis of the  COI  gene  sequences of the
Tegal duck  in  comparison  with  the  mitochondrial  COI  gene
of other members of the Anas genus identified 99-100%
similarity  in  their  COI  regions.  However,  the  differences
among members in the genus Anas  is much greater than the
difference  between  Tegal  duck  with  A.  platyrhynchos  and
A. poecilorhyncha.
Similarity analysis also revealed the number of base
substitutions between the Tegal duck and A. platyrhynchos
with transition mutation in three base positions and a
transversion mutation in three base positions, which can be
used to distinguish between species. This result creates a bias
in the  ratio  of  the  number  of  transitions  to  the  number  of
transversions. As shown in Table 3, the maximum likelihood
estimation of transition/transversion bias (R) for all the 
sequences is 15.30, which was still within the range for
mtDNA27. The probability of transition was greater than that of
Fig. 3: The COI  gene fragment of the Tegal duck
lane 1 = 100 bp DNA Ladder, 2 = COI  gene fragment
Table 2: Base substitutions in the Tegal duck COI gene fragment compared with those of several A. platyrhynchos  and A.  poecilorhyncha  species
Tegal Duck and A. platyrhynchos Tegal Duck and A. poecilorhyncha
Position of base substitution 7 (T÷A),12(C÷T),24 (T÷C), 27(C÷T), 732(T÷C), 739(T÷A), 7 (T÷A), 12(C÷T),24 (T÷C), 732(T÷C), 739(T÷A), 740(T÷C),
740(T÷C, 744 (C÷A) 744(C÷A) KF156760, KF751616, 27(C÷T) KC466567
Type of base substitution 7(transversion), 12(transition), 24 (transition), 27(transition), 7(transversion), 12(transition), 24 (transition), 27(transition)
732(transition), 739(transversion), 740(transition), 732(transition), 739(transversion), 740(transition),
744(transversion) 744(transversion)
Position of base insertion 746 (C÷-) 746(C÷-)
5
 
 
1500 bp 
 
1000 bp 
 
500 bp 
750 bp 
1              2 
Int. J. Poult. Sci., 2018
A. poecilorhynchaKC466567
EU009397A. platyrhynchos
BeijingEU755252A. platyrhynchos
A. platyrhynchosSichuanKX592536
LongshengKJ739616A. platyrhynchos
A. platyrhynchosKJ778676
A. platyrhynchosmallardEU755253
A. platyrhynchosXilinKJ833586
A. platyrhynchosDCBWDKF992022
A. platyrhynchosKJ883269
A. platyrhynchosRongshuiKJ833587
A. platyrhynchosKJ637997
A. platyrhynchosKJ689447
A. platyrhynchosShaoxingHM010684
A. platyrhynchosJianchangFJ167857
KF751616A. poecilorhyncha
KF156760A. poecilorhyncha
Tegal duck
JN801396A. superciliosa
64
82
61
Fig. 4: The phylogenetic relationship of the COI  gene fragment of Tegal duck with A. platyrhynchos  and A.  poecilorhyncha
Table 3: Maximum likelihood estimation of substitution matrix
A T/U C G
A - 0.65* 1.05* 24.06**
T/U 0.70* - 22.55** 0.50*
C 0.70* 13.87** - 0.50*
G 33.72** 0.65* 1.05* -
The probability of substitution (r) from one base (row) to another base (column), *Rates of different transversion substitutions are shown, **Those of transition
substitutions are shown
transversion, indicating that the changes in the COI gene of
the Tegal duck could be silent mutations and therefore do not
significantly alter the genes to ensure its taxon in the Anas
group.
The amino acid analysis of the COI gene from the
members  of  the  Anas  genus  showed the characteristics of
the mitochondrial genetic code, in which codon AUA is used
to encode methionine. Furthermore, codon UGA, usually a
termination codon, codes for tryptophan. The nucleotide
frequencies  are  A = 24.06%,  T/U = 22.38%,  C = 36.39%  and
G = 17.17%. These COI  regions generally have the highest
transition/transversion ratios and are more significant in
closely related species. In general, the percentage of amino
acids in the COI  gene fragment in Tegal duck is dominated by
alanine (14.5%), followed by isoleucine (13.9%), leucine and
glycine (13.2%). It is also observed that codons ending in C are
always the most frequently observed in the COI  gene of Anas,
followed by codons ending in T and then A or G. Codons
ending in C appear to be somewhat more frequently used
than those ending in T, among the twofold degenerate
codons. The least common third position nucleotide in all
categories, except for arginine and glycine codons, is codon G
(G having the same frequency with C and T but less than A).
The  number  of  base  substitutions  in  the  Tegal  duck  and
A. platyrhynchos with both transition and transversion
mutations in three base positions can be used to distinguish
between species. The probability of transition substitution was
higher than that of transversion substitution, wherein the
substitution of adenine with guanine and vice versa was the
greatest. This is affected by the similarity of their molecular
structure. Therefore, the probability is smaller for transversion
substitution, which is caused by the purine and pyrimidine
nucleotides that have a different larger molecular structure27.
The substitution at the nitrogen bases causes a mismatch in
the sequence and there is turnover among the same base
pairs (transitions) and the base pairs with its opponent
(transversion).
The principal problem of evolution in the nuclear and
mitochondrial genomes is a mutation that changes the genes.
A   gene   or   DNA   sequence   with   a    mutation    will    cause
nucleotide substitution that might be spread into the
population   by   natural    selection    and    genetic    drift    and
6
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                       *        20         *        40         *        60                   
Tegal duck   :cacaaagacattggcactctatac....................................: 60 
A.laysanensis:-----------------...........................................: 43 
A.rubripes   :-------------------.................A.......................: 41 
A.flavirostri:...........C.............................G..T...............: 60 
A.crecca     :.................C..........................................: 60  
A.carolinensi:---------------.............................................: 45 
A.acuta      :------------........G.......................................: 48 
A.bahamensis :------------------..........................................: 42 
A.georgica   :------------------..........................................: 42 
A.supercilio :-----------------------------------------------------------.: 1 
A.fulvigulari:-----------------...........................................: 43 
                                      cttatcttcggggcatgagccggaataattggcacA       
                                       L  I  F  G  A  W  A  G  M  I  G  T   
 
 
 
                       *        80         *       100         *       120              
Tegal duck   :............................................................: 120 
A.laysanensis:..........................G..G..............................: 103 
A.rubripes   :..........................G.................................: 101 
A.flavirostri:...........G..A.....C..............A........................: 120 
A.crecca     :.....T..............C..............A.....A..................: 120  
A.carolinensi:...........G..A.....C..............A.....A..................: 105 
A.acuta      :....................C....................A........A.........: 108 
A.bahamensis :............T.......C....................A..................: 102 
A.georgica   :..............A.....C....................A..................: 102 
A.supercilio :............................................................: 61 
A.fulvigulari:..........................G.................................: 103 
              GCACTcAGCCTacTgATCCGgGCAGAaCTaGGCCAgCCAGGgACCCTCCTgGGCGACGAC       
               A  L  S  L  L  I  R  A  E  L  G  Q  P  G  T  L  L  G  D  D  
 
 
                       *       140         *       160         *       180              
Tegal duck   :............................................................: 180 
A.laysanensis:............................................................: 163 
A.rubripes   :............................................................: 161 
A.flavirostri:...................................T.................A......: 180 
A.crecca     :........C.....A...........C........T.......................A: 180 
A.carolinensi:........C.....A...........C........T........................: 165 
A.acuta      :........C..........................T...........T............: 168 
A.bahamensis :........C.................C..T.....T...........T............: 162 
A.georgica   :...................................T...........T............: 162 
A.supercilio :............................................................: 121 
A.fulvigulari:...........................................................A: 163 
              CAAATTTAtAACGTgATCGTCACCGCtCAcGCCTTcGTAATAATCTTcTTCATgGTAATg       
               Q  I  Y  N  V  I  V  T  A  H  A  F  V  M  I  F  F  M  V  M   
 
  
                        *       200         *       220       *       240                     
Tegal duck   :............................................................: 240 
A.laysanensis:............................................................: 223 
A.rubripes   :.................................A..........................: 241 
A.flavirostri:..............G..A..T.........C..........A..................: 240 
A.crecca     :........G........A..............A........A........C.....T...: 240 
A.carolinensi:.................A..............A........A..G...............: 225 
A.acuta      :..............G..A.......................A..................: 228 
A.bahamensis :.................A.......................A........C.........: 222 
A.georgica   :..T..............A..........................................: 222 
A.supercilio :............................................................: 181 
A.fulvigulari:............................................................: 223 
              CCcATCATaATTGGaGGgTTcGGCAACTGAtTggTCCCCCTgATaATCGGtGCCCCcGAC       
               P  I  M  I  G  G  F  G  N  W  L  V  P  L  M I  G  A  P  D 
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                       *       260         *       280         *       300               
Tegal duck   :............................................................: 300 
A.laysanensis:............................................................: 283 
A.rubripes   :............................................................: 301 
A.flavirostri:............................................G..G...........A: 300 
A.crecca     :...........................................................C: 300 
A.carolinensi:....................T.......................C...............: 285 
A.acuta      :............................................................: 288  
A.bahamensis :............................................................: 282 
A.georgica   :............................................................: 282 
A.supercilio :............................................................: 241 
A.fulvigulari:............................................................: 283                  
              ATaGCATTCCCACGAATAAAcAACATAAGCTTCTGACTCCTCCCaCCaTCATTCCTCCTt  
               M  A  F  P  R  M  N  N  M  S  F  W  L  L  P  P  S  F  L  L   
               
 
                       *       320         *       340         *       360                       
Tegal duck   :......................................G.....................: 360 
A.laysanensis:......................................A.....................: 343 
A.rubripes   :......................................A.....................: 361 
A.flavirostri:.................C.................C..A...........G........C: 360 
A.crecca     :..............T..C...........G..C.....A...........G........C: 360 
A.carolinensi:..............T.................C.....A..A........G........C: 365 
A.acuta      :.....T.................G..C.....C..C..A...........G.....G..C: 348 
A.bahamensis :.....T.................G..C.....C..C..A...........G........C: 342 
A.georgica   :.....T........T...........C.....C..C..A...........G.....G..C: 342 
A.supercilio :......................................A.....................: 301 
A.fulvigulari:......................................A.....................: 343 
              CTACTcGCCTCATCcACtGTAGAaGCtGGcGCtGGtAC GGtTGAACCGTaTACCCaCCt               
               L  L  A  S  S  T  V  E  A  G  A  G  T  G  W  T  V  Y  P  P   
 
 
                       *       380         *       400         *       420                       
Tegal duck   :............................................................: 420 
A.laysanensis:............................................................: 403 
A.rubripes   :............................................................: 421 
A.flavirostri:..............G.................G..A........................: 420 
A.crecca     :..............G....................A.....A...........C......: 420 
A.carolinensi:..............G....................A.....A...........G......: 425 
A.acuta      :..............G...........G........A........C...........C...: 408 
A.bahamensis :..............G....................A........C...........C...: 402 
A.georgica   :..............G.................G..A........C...........C...: 402 
A.supercilio :............................................................: 361 
A.fulvigulari:............................................................: 403 
              CTAGCAGGCAACCTaGCCCACGCCGGaGCCTCaGTgGACCTgGCtATCTTCTCaCTtCAC                
               L  A  G  N  L  A  H  A  G  A  S  V  D  L  A  I  F  S  L  H 
 
 
                      *       440         *        460         *       480   
Tegal duck   :.....T......................................................: 480 
A.poecilorhyn:.....T......................................................: 463 
A.rubripes   :.....C......................................................: 481 
A.flaviros   :..A..C......................................................: 480 
A.crecca     :..A..C....................G.................................: 480 
A.carolinensi:..A..C....................G.....................G...........: 485 
A.acuta      :..A..C...................................C...........T......: 438 
A.bahamensis :..A..C.............................T.....C...........T......: 462 
A.georgica   :..A..C.............................T.....C...........T......: 462 
A.supercilio :.....C......................................................: 421 
A.fulvigulari:.....C......................................................: 463 
              CTgGC GGTGTCTCCTCCATCCTCGGaGCCATTAAcTTCATtACCACaGCCATcAACATA       
               L  A  G  V  S  S  I  L  G  A  I  N  F  I  T  T  A  I  N  M 
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Fig. 5: Similarity analysis of the COI  gene fragment of the Tegal duck compared with other members of the genus Anas
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                        *       500         *       520        *       540           
Tegal duck   :............................................................: 540 
A.laysanensis:............................................................: 523 
A.rubripes   :............................................................: 541 
A.flavirostri:.........................................T.....G............: 540 
A.crecca     :.........T..........G..........................G............: 540 
A.carolinensi:....................G.......................................: 545 
A.acuta      :.......................T.....A.....C...........G............: 528 
A.bahamensis :....................G..T...........C........................: 522 
A.georgica   :.......................T...........C........................: 522 
A.supercilio :............................................................: 481 
A.fulvigulari:............................................................: 523 
              AAACCCCCcGCACTCTCACAaTAcCAAACcCCACTtTTCGTcTGATCaGTCCTAATTACC       
               k  P  P  A  L  S  Q  Y  Q  T  P  L  F  V  W S  V  L  I  T   
  
 
                       *       560         *       580         *       600     
Tegal duck   :............................................................: 600 
A.laysanensis:............................................T...............: 583 
A.rubripes   :............................................................: 601 
A.flavirostri:........A.........................................A...T.....: 600 
A.crecca     :........A..................T................................: 600 
A.carolinensi:...............................................G............: 605 
A.acuta      :......................................................T.....: 588 
A.bahamensis :..T.........................................................: 582 
A.georgica   :............................................................: 582 
A.supercilio :............................................................: 541 
A.fulvigulari:............................................................: 583 
              GCcATCCTgCTCCTCCTATCACTCCCcGTCCTCGCCGCCGGCATcACaATgCTAcTAACC       
               A  I  L  L  L  L  S  L  P  V  L  A  A  G  I  T  M  L  L  T 
 
 
                       *       620         *       640         *       660                      
Tegal duck   :............................................................: 660 
A.laysanensis:............................................................: 643 
A.rubripes   :..................T.........................................: 661 
A.flavirostri:.............................C..C........A..................: 660 
A.crecca     :.............................C..C........A..................: 660 
A.carolinensi:.............................C..C..T.....A.................T: 665 
A.acuta      :.............................C..C........A.....T........A...: 648 
A.bahamensis :...........G.................C..C........A..............A...: 642 
A.georgica   :.............................C..C........A..................: 642 
A.supercilio :............................................................: 601 
A.fulvigulari:..................T......................A..................: 643 
              GACCGAAACCTaAACACcACATTCTTTGAtCCtGCcGGAGG GGAGAcCCAATCCTgTAc       
               D  R  N  L  N  T  T  F  F  D  P  A  G  G  G  D  P  I  L  Y   
 
 
                      670                     
Tegal duck   : .................. : 678 
A.laysanensis: ..G............... : 661 
A.rubripes   : ..G............... : 679 
A.flavirostri: .................. : 678 
A.crecca     : .................. : 678 
A.carolinensi: ..G............... : 683 
A.acuta      : ..G............... : 666 
A.bahamensis : ..G............... : 660 
A.georgica   : ..G............... : 660 
A.supercilio : .................. : 619 
A.fulvigulari: ..G......--------- : 652 
               CA CACCTAttttgattc       
                Q  H  L  F  W  F  
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            A. ?avirostrisN01487
FJ027095A. georgica
FJ027081                   A. bahamensis
GU571235                       A. acuta
DQ434280                      A. carolinensis
GU571238                      A. crecca
JF498830         A. laysanensis
AY666221            A. rubripes
DQ432723              A. fulvigula
KF751616         A. poecilorhyncha
GU571240               A. platyrhnchos
               Tegal duck
JN801396    A. superciliosa
Fig. 6: Phylogenetic evolutionary tree of the  COI  gene displaying the evolutionary relationship of the Tegal duck within a lineage
shared by other members of Anas species
The scale bar in the upper right represents 0.05 substitutions per nucleotide site
sometimes will be fixed in a species. This character will be
inherited into their descendant species if the mutated gene
produces new morphological or physiological characters.
Single nucleotides can also cause polymorphisms in RNA that
will exhibit genetic differences between individuals and have
an important function when the mutation occurs in a specific
region. A mutation in the 18S rRNA is a heritable change in the
DNA sequence that may or may not potentially affect the
phenotype of the organism, since the mutations are very
important in producing genetic variations. These genes can
influence the characteristics of an organism. Changes in any
part of the environment could make the organism extinct. The
theory of evolution assumes that mutations are random
because of their adaptive value. For example, some
nucleotides are more mutable than others. The COI  regions
generally have high transition/transversion ratios of mutation
and are more significant in closely related species. Nucleotide
substitution with a transition bias is a common phenomenon
in animal mtDNA. Purified selection can aid in tolerating
synonymous mutations and eliminating nonsynonymous
mutations27. Transition mutations occur at a higher frequency
than  that  of  transversion  mutations.  Transitions  are  less
likely to result in amino acid substitutions and are therefore
more likely to be considered silent substitutions in
populations28.
Phylogenetic analysis: Tree construction for a closely related
gene using DNA sequences would be better than using
protein because it avoids any silent substitution that is
phylogenetically informative. The results of the phylogenetic
analysis of the members of the Anas  genus in Fig. 6 showed
that the domestic Tegal duck from Indonesia could more likely
to be a hybrid of A.  platyrhynchos  and A.  poecilorhyncha  as
they are found together in a monophyletic cluster in their
phylogenetic tree. Other duck species are well separated using
the COI gene in mitochondrial DNA. This result was also
supported by an adequate bootstrap value of approximately
94% (the number of bootstrap replications was 1000). The
result  shown   in   Fig.   6   also   reveals   that   in   addition   to
A. platyrhynchos  and  A.  poecilorhyncha,  the Tegal duck was
also a member of the monophyletic cluster with A. laysanensis,
A. rubripes, A.  fulvigula  and  A.  superciliosa.  This result
supports the finding that A. platyrhynchos species have
hybridized extensively with other closely related species
worldwide such as A. superciliosa in Australia and New
Zealand, A. rubripes and A. platyrhynchos from North
America29 and A. laysanensis30.
The genus Anas  is primarily derived from mallard ducks.
Moreover, the evolution of Anas  species is a dominant factor
that affects the production of hybrid ducks29-32. Based on the
COI gene fragment of the Tegal duck analysis results which
showed   100%   homology   with   A.   platyrhynchos    voucher
10
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NHMO-BC399 (GenBank accession number GU571240),
Scandinavian birds from the trans-Atlantic species33 which
indicated that the Tegal duck originated from migrating wild
ducks.
The results for the 18S rRNA gene of the Tegal duck
confirmed by the results of the COI gene showed that it was a
hybrid of A. platyrhynchos and A. poecilorhyncha with
dominant character of  A.  platyrhynchos.  Combination of
both genetic marker had resulted more accurate molecular
identification of species.
The results of the phylogenetic evolutionary tree analysis
of the COI  gene also support the phylogenetic analysis result
using 18S rRNA, which showed that the Tegal duck have a
common ancestor A. platyrhynchos and A. poecilorhyncha.
This result is in agreement with another study which grouping
A. platyrhynchos with A. poecilorhyncha. A phylogenetic
relationship was shown among the Korean duck derived from
the   mallard   (A.   platyrhynchos)   and   the   spot-billed   duck
(A. poecilorhyncha)34. However, another study reported that
based on their mtDNA, the domestic Korean ducks originated
only from A.  platyrhynchos6.  Some  South  and  East  Asian
ducks may live in areas with suitable food and habitat because
they are migratory birds and have characteristics by which
they  can  be  easily  adapted26.  Hybrids  from  mallards  and
spot-billed ducks often appear in natural habitats, which
makes it difficult to identify. In current study, phylogenetic
analysis  also  supported  the  result  that  the  mallard   and
spot-billed duck breeds are not separated.
The COI regions generally have the highest
transition/transversion ratios and are more significant in
closely related species. These patterns are usually similar for
almost all vertebrate groups, except Xenopus31. The Tegal
ducks are genetically close to A.  platyrhynchos  as they show
a closer relationship with other A. platyrhynchos species
compared with A. poecilorhyncha. Moreover, the pairwise
distance among the Tegal duck and other members of Anas
demonstrated a relatively low-level interspecific distance. This
smaller  difference  is  possibly  due  to  the  crossbreeding  of
spot-billed ducks and mallards influenced by the same
habitats32. Phylogenetic analysis also revealed that mallards
and spot-billed ducks are genetically very close. The
phylogenetic tree analysis also showed that in the
monophyletic cluster, the Tegal duck has a close relationship
with A. laysanensis  from Hawaii, A. rubripes and A. fulvigula
from Canada and A. superciliosa from Australia. These vast
areas have been proven as the migratory habitats of most
mallards, covering an area of several thousand kilometers.
Mallard populations are highly genetically connected, which
accounts for the decrease in the domestic mallard numbers
and the genetic diversity exacerbated by alterations in the
local environment6.  Morphologically,  mallard  and  spot-billed
duck breeds are highly similar in shape, behavior and habitat
and are even genetically compatible for crossbreeding32,33,35.
Although animal mitochondrial sequences are known to
evolve rapidly, their gene arrangements often remain
unchanged over long periods of evolutionary time32,36-37.
The COI gene provided a better coverage and wider
spectrum of species characterization than the 18S rRNA gene.
The use of 18S rRNA in combination with the COI  gene had
overcome the limited availability of the data set in GenBank to
conduct a more accurate analysis, which made it possible to
find more genetic diversity within A.  platyrhynchos.  This
study provides important information for improving egg
production  of   Tegal   duck.   Since   the   egg   production   of
A.  platyrhynchos  (average 140-150 each year) was higher
than A.  poecilorhyncha  (84-108 each year)38-40, this study will
help in developing the breeding program strategy and
selection for the Tegal duck. Thus, a new approach on
selection for identification and selection on superior domestic
ducks based on the integration of morphological and
physiological characterization with molecular characterization
may be achieved.
CONCLUSION
In conclusion, phylogenetic analysis based on the nuclear
18S rRNA gene and mitochondrial COI  gene characterization
was gain representative identification of the Tegal duck. The
Tegal   duck   had   showed   close   genetic   relationship   with
A.  platyrhynchos  and  A.  poecilorhyncha.
SIGNIFICANCE STATEMENTS
This study discover that integration of both genetic
markers 18S rRNA and COI gene had provided a
comprehensive genetic information for Tegal duck and
showed their close similarities with not only A.  platyrhynchos
but also A. poecilorhyncha. The identification of domestic
duck species and genetic variation would be very useful to
gain consistency of the progeny and the egg production.
Thus, this study provide a new approach on identification and
selection on superior domestic ducks based on the integration
of morphological and physiological characterization with
molecular characterization to guide the development of
breeding program for Tegal duck and possibly for another
local duck in Indonesia.
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